The relationship between morphological and physiological characteristics with performance of senior male cross-country runners in Gauteng Province by Hlaselo, Dumisane
COPYRIGHT AND CITATION CONSIDERATIONS FOR THIS THESIS/ DISSERTATION 
o Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.
o NonCommercial — You may not use the material for commercial purposes.
o ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.
How to cite this thesis 
Surname, Initial(s). (2012). Title of the thesis or dissertation (Doctoral Thesis / Master’s 
Dissertation). Johannesburg: University of Johannesburg. Available from: 
http://hdl.handle.net/102000/0002 (Accessed: 22 August 2017).    
THE RELATIONSHIP BETWEEN MORPHOLOGICAL AND PHYSIOLOGICAL 
CHARACTERISTICS WITH PERFORMANCE OF SENIOR MALE CROSS-
COUNTRY RUNNERS IN GAUTENG PROVINCE 
Submitted in fulfilment of the requirements for the degree of 




FACULTY OF HEALTH SCIENCES 
At the 
UNIVERSITY OF JOHANNESBURG 
By 
Dumisane Hlaselo 
(Student number: 200726624) 
Supervisor: ___________________________: ____________________ 
Dr A. Green Date 
Co-Supervisor: ________________________: ____________________ 






I declare that this thesis is my own unaided work, except to the extent indicated in the 
acknowledgements and by the reference citations. It is being submitted for the Degree of 
Master of Philosophy in Sport Science at the University of Johannesburg, Johannesburg. It has 
not been submitted before for any degree or examination at this or any other university.  
_________________________________  
Dumisane Hlaselo  



















In recent years, there has been an increasing interest in the morphological and physiological 
characteristics for many sporting codes. Morphological and physiological testing is an 
important tool for cross-country athletes and coaches and assists in the training intensity 
prescription, monitoring of training adaptation and profiling athletes for specific competitions. 
So far, however, there has been few reports on senior male cross-country athletes. The aim of 
this research was to determine the relationship between morphological and physiological 
characteristics of senior male cross-country athletes in Gauteng province, South Africa.  
Forty males (age: 20-35 years; height: 173.09 cm; weight: 63.05 kg) who competed in the 
Central Gauteng Senior Cross-Country Championships competition were invited to participate 
in this study. Parameters tested included stature, body weight, seven skinfolds, body fat 
percentage, lean body mass, somatotype and 10km time measured. The maximal oxygen 
consumption, running economy and two ventilatory thresholds (VT1 and VT2) were calculated 
using online assessments of each participant as explained in the methods of this study. Data 
were analysed using descriptive statistics (SPSS, v.21) and Pearson coefficient of correlation 
procedures. A significant difference was observed between athletes who trained for <45 
minutes and those who trained for >45 minutes per day by an independent t-test. An 
independent t-test was used to determine significant differences between the two groups. The 
data were collected experimentally by using a self-administered questionnaire for the medical 
and sporting status of the runners. The results of this study indicated mean values of body 
weight (63.05 kg), body fat percentage (8.04 %), sum of seven skinfolds (34.12 mm), lean body 
mass (59.24 kg) and somatotype (i.e., endomorph, mesomorph, and ectomorph ratios) (1.80, 
1.40. and 2.80) respectively. The mean values for maximum oxygen consumption (V̇O2max) 
(63.50 mlO2.kg˗1.min-1), running economy (at 12 km·hr-1 32.8 L/min, 14.5 km·hr-1 41.70 L/min, 
16 km·hr-1 56 L/min, 19.2 km·hr-1 30.60 L/min), ventilatory threshold (2.95 L/min-1), 
maximum heart rate (191.00 bpm), respiratory exchange ratio (1.23) and average 10 km 
running speed (16.24 km·hr-1) were also determined. The VT1 and VT2 were calculated and at 
the intensities corresponding to the last point before a first non-linear increase in both VT1 and 
VT2. The senior male cross-country athletes showed higher values for O2 expressed relative to 
morphological and physiological factor. The above measurements were captured in 
Johannesburg at the following altitude (1753 m), barometric pressure (82.54 kPa), air density 
(0.98 kg/m2 at 20 ºC/ (293 k). These characteristics are generally associated with cross-country 
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runners, suggesting that senior male cross-country athletes in Gauteng province, South Africa, 
are professional athletes. There were no significant V̇O2max, RE and personal best 10 km time 
differences between participants who trained <45 minutes and those who trained >45 minutes 
per day during training sessions (p > 0.05). However, there were significant body weight (p = 
0.028) and BF% (p = 0.030) differences between the two groups. It can thus suggest that the 
duration of the daily training session has a direct effect on some morphological characteristics 
of athletes, but no effect on others. The analysis showed that athletes of various endurance 
events statistically differ in morphological measures, especially in dimensions of BW and 
BF%. Further, highlight the importance of morphological and physiological factors in cross-
country running. This research will serve as a basis for future studies and will provide 
information on senior male cross-country athletes, which can be referred to by coaches and 
sports scientists who train athletes during the competition preparation phase.  
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CHAPTER 1: INTRODUCTION 
1.1  Introduction 
Professional athletes have a luxury of training every day. However other athletes barely have 
the chance for training due to constraints in their business, family, and social lives. Some days 
they can train their body only for 30 minutes, whereas some days they have time for more than 
three hours of training. If you run every day, you might have a very good aerobic structure, 
while you might have a weak condition for cross-country running (Sahin, 2011). From Berlin 
marathon to park runs, millions of people take part in the sport of cross-country almost every 
week. Though their will to run is common, elite athletes at all distances come in different shapes 
and sizes, however, these differences in morphology and physiology are reduced the closer one 
comes to elite levels of competition and there are perhaps too many exceptions to make all but 
the broadest generalisations. Cross-country running is one of the world’s popular endurance 
sports, being participated in almost every country. Cross-country requires significant physical 
preparation to complete 10 kilometre (km) in 30 minutes of competitive running among senior 
male athletes to achieve a success. 
Cross-country sport is characterized as high intensity intermittent and continuously running 
over surfaces like grass, mud, and dirt (World Athletics, 2020). The fact that cross-country 
running is performed under tough conditions, it could suggest that morphological and 
physiological attributes are important for the sport. Morphological factors such as (age, stature, 
body weight, body fat percentage, lean body mass, somatotype) and physiological 
characteristics (maximal oxygen consumption (V̇O2max), ventilatory thresholds (VT1 and VT2) 
and running economy (RE), training characteristics (i.e., speed during training units, duration 
of training units, training volume) have been observed as important predictor variables for a 
race performance (Hautala, Martinmaki, Kiviniemi, Virtanen, Jaatinen & Tulppo, 2012; 
Fornasiero, Savoldelli, Modena, Boccia, Pellegrini & Schena, 2018). The elite male cross-
country runners have a high (V̇O2max) than recreational cross-country runner counterparts (79.6 
± 6.2 vs 67.1 ± 8.1 ml·kg-1·min-1, p = 0.04) in performance (Fornasiero et al., 2018). Moreover, 
elite male cross-country runners are less economical since their running economy at cross-
country velocity is high than those of cross-country male recreational counterparts (210 ± 12 
vs 195 ± 4 ml·kg-1·km-1, p = 0.009) (Barnes, Hopkins, Mcguigan, Northuis & Kilding, 2013).  
Cross-country running in South Africa is considered by many to be at the elite level; however, 
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specific training programmes, and specific morphological and physiological characteristics 
need to be adopted for successful performance. In the past decade, there has been significant 
literature of scientific data regarding cross-country running morphology and physiology 
(Baumann & Wetter, 2010; Fornasiero, Savoldelli, Modena, Boccia, Pellegrini & Schenas, 
2018; Casado, Hanley, Santos-Concejero & Ruiz-Pérez, 2019). Previous investigations have 
evaluated the morphological and physiological profiles of successful cross-country athletes, 
mostly from East Africa and European countries (Barnes et al., 2013; Fornasiero, et al., 2018). 
However, descriptive data are needed concerning the morphological and physiological 
characteristics of elite cross-country athletes from Gauteng, South Africa. In the last 10 years, 
South African cross-country athletes and coaches have established successful performances in 
international competitions. The South African National team were placed fourteenth in 2017 
and seventh at the World Athletics Cross-Country Championships in 2019. The morphology 
and physiology of the athletes may be some of the important factors that have contributed to 
the success of South African national cross-country teams in international competitions but 
there are perhaps other factors that should be considered such as nutrition to make all but the 
broadest generations. However, success in cross-country running comes in wide variety 
including the diet and strategies of the athletes and coaches.  For example, the athletes may try 
to run as a pack in groups of two or three. 
This strategy is used to help the slower athletes to perform better. Another strategy is to 
“fartlek” or pick up the pace for 30 second every few minutes. This may assist athletes pass 
others and put themselves in a better position to be medal contenders. Therefore, the 
burgeoning popularity of the sport has led to increase in the different levels of competition and, 
in turn, to the development of various cross-country courses as well as concomitant progress 
in sports science (footwear, morphology, and physiology). The improvement of competition in 
cross-country running, therefore, requires studies on the morphological and physiological 
characteristics, over a wide range of competition levels, such as local, regional university and 
national. Therefore, greater research can lead to enhanced understanding relating to the 
morphological and physiological underpinnings that might lead to greater performance 
outcomes. In recent years (2016-2019), senior male cross-country running competitions have 
required greater speed over 10 km distances and have continued to increase competition for 
elite athletes (2014-2019). Previous analyses of the pacing profile during the 2017 World 
Athletics Cross-Country Championships of male races had shown ultimately lead to and fast 
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overall time as evident by better morphological and physiological attributes of athletes having 
fast 10 km finish times during competition finished relatively fast in the 10 km competition 
(Casado et al., 2019; World Athletics, 2020). The International Association of Athletics 
Federations (IAAF) have accommodated various forms of cross-country running such as junior 
and senior competition. The development of the global authority from IAAF to World Athletics 
is mirrored by developments in the component sports that fall under this umbrella organisation, 
such as cross-country running. World Athletics organises major cross-country running and 
track and field competitions worldwide, including the world cross-country championships, 
which were established in 1903. Since 1973, South African national cross-country running 
competition has been held seasonally; with international and world cross-country running 
championship competitions being organised every second year by World Athletics (Esteve-
Lanao, Larumbe-Zabala, Dabab, Alcocer-Gamboa & Ahumada, 2014). 
Currently, cross-country running involves running on uneven racecourses during autumn and 
winter seasons. In 2019, cross-country running drew an incredible number of athletes, with 
over 2600 participants from 214 member federations all registered with World Athletics 
(World Athletics, 2019). In South Africa, the Athletics South Africa (ASA) is the national 
governing body for sixteen affiliate members for track and field, cross-country running, road 
running and racewalking recognised by the World Athletics with over 2000 elite cross-country 
athletes competing on a regular basis (ASA, 2019). However, despite the high participation 
rates, more research is required on cross-country athletes. Cross-country running is an 
accessible sport and over 3789 people are competing in the sport (ASA, 2019). The 
morphological and physiological characteristics association with endurance performance have 
been reported in the previously (Esteve-Lanao et al., 2014). The common theme among all the 
studies is that morphological and physiological characteristics are important determinants of 
performance in many sports (Gordon, Wightman, Basevitch, Johnstone, Espejo-Sanchez, 
Beckford, Boal, Scruton, Ferrandino & Merzbach, 2017; Wonerow, Rüst, Nikolaidis, 
Rosemann & Knechtle, 2017). Morphological parameters such as (age, stature, body weight, 
the sum of skinfolds, body fat percentage, lean body mass, somatotype) and physiological 
factor (maximal oxygen consumption (V̇O2max), ventilatory thresholds (VT1, VT2) and running 
economy (RE) can significantly influence athletic performance (Casado et al., 2019). Some of 
these researchers have studied the relationship between morphological characteristics and 
physiological performance to evaluate the influence of training on the morphological and 
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physiological characteristics (Anup, Nahida, Islam & Kitab, 2014). Therefore, morphological, 
and physiological profiles may contribute to understanding an athlete fitness, particularly at 
national and international competition. In fact, morphological and physiological characteristics 
of athletes have become a major field of interest for many researchers and sports scientists. To 
the researcher’s knowledge, no information study for senior cross-country runners in Gauteng, 
South Africa that describes both morphological and physiological characteristics with 
performance. A clarification on these factors and comparison with runners from other countries 
competing on a similar level can enhance knowledge of South African elite runners and further 
encourage similar studies on the elite cross-country runners, with the aim of enhancing 
performance and contend against other elite runners. There is a need to fill the knowledge gap 
concerning the morphological and physiological characteristics of senior male cross-country 
athletes. The demand for information about (i.e., junior, professional, and senior male cross-
country runners) morphological and physiological characteristics relative to the 
implementation of training programmes at all club levels has surpassed the availability of this 
literature (Noakes, 2008). The recent developments of cross-country running on golf course 
surfaces and trail parks with two km loops have increased the pace of the competition and have 
added a considerable amount of strain on athletes (Macdermid, Fink & Stannard, 2014). This 
has made cross-country competitions faster and more demanding on the morphological and 
physiological parameters of the athletes (Tjelta, Tønnessen & Enoksen, 2014).  
1.2  Research problem 
Studies conducted on the morphological and physiological characteristics in other major 
endurance sports, such as triathlons (Wonerow et al. 2017), marathons (Gordon et al. 2017), 
cross-country skiing (Zhao, Hohmann, Chang, Zhang, Pion & Gao, 2019), and cycling 
(Bobbert, Casius, van der Zwaard & Jaspers, 2020) have contributed to a more comprehensive 
understanding of performance enhancement among athletes and have equipped coaches with 
more informed, coaching decision making. Although, several studies were conducted regarding 
the morphological and physiological factors of endurance runners, these studies on the physical 
attributes further provide a better understanding of the important factors behind endurance 
running performance (Mooses & Hackney, 2017; Marc, Sedeaud, Guillaume, Rizk, Schipman, 
Antero-Jacquemin, Haida, Berthelot, & Toussaint, 2014; Laumets, Viigipuu, Mooses, Mäestu, 
Purge, Pehme, Kaasik & Mooses, 2017). According to Mooses and Hackney (2017), the 
aerobic and anaerobic capacity of an athlete may determine the outcome of a competition. 
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Previous studies making use of physiological data such as (V̇O ), (RE) and anaerobic 
threshold collected during laboratory test have reported that in many sports, the aerobic loading 
and anaerobic energy turnover is high during competition (Tam, Santos-Concejero, Tucker, 
Lamberts & Micklesfield, 2018). Tucker et al. 2015 acknowledged that it is, therefore, 
important to assess the athlete’s capabilities within these areas. However, little is known about 
the morphological and physiological characteristics of cross-country athletes in Gauteng, South 
Africa (Noakes, 2008). It is, therefore, difficult for coaches to improve the training regimes 
and performance of cross-country athletes with the limited scientific knowledge available of 
the effect of physiological and morphological factors. Although, there are brief analysis of the 
materials written in the form of training journals over the past 37 years and presented by leading 
South African coaches in cross-country running may not be the most applicable for the purpose 
at hand due to not conducted in accordance with the ethical principles of human subjects’ 
research outlined in the Belmont Report (ASA, 2019). Also, there were not submitted for their 
review, therefore, not considered to be exempt research. Furthermore, these training journals 
have insufficient information concerning the morphological and physiological characteristics 
of the sport of cross-country running (Noakes, 2008). Consequently, suggests that there is 
inadequate knowledge about morphological and physiological factors with performance of 
senior male cross-country athletes in Gauteng. 
The outcome of these previous journals cannot be directly applied to the demand of physical 
performance of nowadays cross-country runners developed for their training. Neither of the 
context assessed in these journals are included in the scientific journal, calling for an up-to-
date assessment of which factors of morphology (e.g., stature, body weight, body composition) 
or physiological capacity (e.g., aerobic capacity, running economy) can affect performance 
outcome on the senior male cross-country runners. When compared to research into factors 
affecting sports and athletic performance, limited research is available on factors affecting 
senior male cross-country runners’ physical performance. For example, it is known that 
football and marathon running, in addition to good technique, requires a high aerobic capacity 
(Marc et al., 2014; Laumets et al., 2017), and that maximal leg strength and the ability to 
develop force quickly are a good predictor of sprinting and jumping performance (Havitz & 
Zemper, 2013; Bissas & Havenetidis, 2008; Wisløff et al., 2004). From previous research, it is 
known that body composition, body weight and aerobic capacity have an effect on physical 
performance, in sport (Ravnholt, Tybirk, Jørgensen & Bangsbo, 2018), but due to the 
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specificity and complexity of the cross-country running, containing racecourse with widely 
different demands (Sana, Mansour, Moncef & Mohamed, 2010), it is not known which of these 
factors can best predict, and have the biggest effect on performance outcome. Thus, 
investigating the effects of morphological and physiological factors on performance outcome 
on senior male cross-country running would help coaches discover where they need to focus 
their training to improve performance both on the competition, but also in performing day-to-
day training. 
1.3  Aim of the study 
The present study aimed to analyse the relationship between the morphological and 
physiological characteristics with the performance of senior male cross-country athletes in 
Gauteng province, South Africa. 
1.4 Objectives of the study 
 To assess the morphological and physiological characteristics of senior male cross-country 
athletes and establish morphological and physiological norms for the athletes. 
 To determine the relationships between morphological and physiological characteristics of 
senior male cross-country athletes by a comparison of the data attained from the elite cross-
country athletes. 
 To compare morphological and physiological variables in groups based on training 
duration. 
 
For the purposes of this study, the following null hypotheses were tested: 
 
1. There will be no significant difference observed in the morphological and physiological 
parameters of senior male cross-country athletes of Gauteng Province, South Africa.  
 
2. There will be a significant difference observed in the morphological and physiological 
parameters of senior male cross-country athletes of Gauteng Province, South Africa. 
 
3. There will be no significant difference observed in the morphological and physiological 




1.5  Outline of the thesis 
The present thesis is divided into five chapters. Chapter 1 presents an introduction for the study. 
It includes the problem statement, purpose of the study, and significance of the study as well 
as the research questions. Also, it seeks to justify the relevance of the study and the overall 
objectives and describe the structure of the research. Chapter 2 focuses on relevant literature in 
different subjects that will help to validate and support the relevance of this research. The 
literature discussed is on the morphological and physiological characteristics of cross-country 
athletes, but not limited to endurance sport. The methodology is outlined in Chapter 3, 
including the study design, selection of participants, measuring tools, and data collection 
methods and data analysis techniques. The results are presented in Chapter 4, followed by a 
discussion citing pertinent literature in Chapter 2. Chapter 5 includes conclusions, limitations, 
and recommendations based on the captured results. The final section includes the reference 




CHAPTER 2: LITERATURE REVIEW 
2.1  Introduction 
A considerable amount of literature has been published on the morphological and physiological 
characteristics of endurance running. These studies have outlined that the ability to cope with 
training and competition is reliant on the morphological and physiological characteristics of 
the athletes (Zhao et al., 2019). Morphological parameters such as (age, stature, body weight, 
the sum of skinfolds, body fat percentage, lean body mass, somatotype) and physiological 
factor (maximal oxygen consumption ((V̇O2max), ventilatory threshold (VT) and running 
economy (RE). These parameters assist athletes in achieving commendable results in 
competitive cross-country running. However, irrespective of the popularity of cross-country 
competition in South Africa, limited scientific studies have investigated the morphological and 
physiological characteristics of the senior male cross-country athletes (Kong & De Heer, 2008). 
The relationship between the morphological and physiological characteristics of Kenyan 
(Tucker, Santos-Concejero & Collins, 2013), American (Mooses, Jürimäe, Mäestu, Purge, 
Mooses & Jürimäe, 2013; Sekiguchi, Adams, Benjamin, Curtis, Giersch & Casa, 2019) and 
British (Tjelta & Enoksen, 2010) senior male cross-country athletes and their performance has 
been presented.  
The evolution of the athletes seemed to have contributed to the differences in their 
morphological and physiological characteristics (Stanforth, Crim, Stanforth & Stults-
Kolehmainen, 2014). Therefore, the effects of the morphological and physiological 
characteristics of cross-country athletes on performance appear to vary with the country of 
origin because of the demographics such as the altitude (Blumkaitis, Sandefur, Fahs & Rossow, 
2016). Generally, cross-country athletes from Kenya and Ethiopia perform better by 
approximately 90% than cross-country athletes from Malaysia and India (Stanula, Roczniok, 
Gabryś, Szmatlan-Gabryś, Maszczyk & Pietraszewski, 2013). Although they have similar body 
fat percentages (BF%) and body weights (Petrovic & Marinković, 2018), the maximal oxygen 
consumption (V̇O ) and running economy (RE) of Kenyan and Ethiopian athletes are higher 
compared to Malaysian and Indian counterparts because of the high standard of training volume 
and the high altitude and genetic determinants inherent to the athletes (González-Mohíno, 
González-Ravé, Juárez, Fernández, Castellanos & Newton, 2016; Moir, Kemp, Folkerts, 
Spendiff, Pavlidis & Opara, 2019). These morphological and physiological parameters could 
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be the key to the success of cross-country athletes because there are linked to performance and 
important for cross-country running or endurance events in general. Morphological and 
physiological parameters are factors that could have a larger effect on performance outcome in 
cross-country running. The effect of these parameters enhancing cross-country running 
performance is a topic that has received limited attention, but there are a few publications 
supporting the perception of the beneficial effect of improving performance outcome. A study 
by Knecthle et al. (2012) found that training volume, anthropometric and physiological 
parameters were the main factors predicting performance for long distance runners, and 
morphological characteristics influenced performance outcome. The focus of this literature 
review is to present and discuss morphological and physiological characteristics of endurance 
athletes and their influence on performance in cross-country running and endurance events. For 
this review, senior male cross-country runners are regarded as runners competing on national 
and international level. 
2.2  Morphological characteristics of senior male cross-country athletes 
The focus of this section was to investigate and describe morphological features of endurance 
athletes, drawing contrasts between road and track running and cross-country running. The 
term morphological, according to Heyward and Gibson (2018), is used to describe the body 
shape and proportion of individual bodies. According to the American College of Sports 
Medicine, Riebe, Ehrman, Liguori and Magal, (2019), morphological characteristics are 
important determinants of performance in many sports on the basis that morphology affects 
factors such as heat production, heat dissipation and metabolic inertia in contracting skeletal 
muscles. The morphological characteristics that were discussed in the present study associated 
with athletes were stature, body weight (BW), body fat percentage (BF%), lean body mass 
(LBM), and somatotype (ACSM et al., 2019).  
2.2.1  Stature height  
Stature can be defined as the height of an individual from the head to the foot when an 
individual is in a standing position (Masanovic, 2019). Though there has been a lot of research 
and the relationship has been established in some athletic disciplines, there is no consensus 
regarding the importance of stature in the context of specific performance outcomes for cross-
country running. According to Reilly et al. (2000), taller runners being more suitable for 
sprinting and taller runners could be favourable in short distance, this could be that long legs 
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can help, but tall athletes do not necessarily run faster than shorter runners, but mechanics of 
running depends upon more than runner’s height (Matković et al., 2003). Sporis et al. (2007) 
explained that stride length and frequency generally increase as the speed increases, while taller 
runners may have an advantage, they usually have longer legs, proportionally impacts stride 
length can have different leg length. For example, the standing height of the world marathon 
record holder which still stand until up to date (Paula Racliff) she is taller than average for a 
woman in marathon running she was faster than anyone else. Sporis et al. (2007) explained 
that the most significant aspect influencing cross-country running, as it is in many other sports 
is the running speed of the runners is not the stature of the runners, but the force of the runner’s 
contacts with the ground upon each foot strike the more powerful the strike to the ground, the 
faster the individual can run. There is substantial literature covering several endurance sports 
which indicated that a taller stature leads to success of the athletes. For example, Fornasiero et 
al.’s (2018) research focused on the association between height and leg length, whereas De 
Oliveira, De Oliveira, Valentim-Silva, and Fernandes (2018) indirectly studied the influence 
of stature on performance. Both these studies found that the taller athletes tended to perform 
better, which meant there was a positive relation between stature and performance. However, 
a few studies focused on stature and performance in endurance running, such as the elite 
Kenyan marathon runners Vernillo, Schena, Berardelli, Rosa, Galvani, Maggioni and Torre 
(2013) found that irrespective of stature, long-distance athletes simply needed endurance and 
to be able to carry their frame across a distance. 
On the other hand, in distance running, shorter runners likely fall more naturally into a running 
pattern smaller steps with faster turnover which is most efficient for distance running 
(Maldonado, Mujika & Padilla, 2004). For example, shorter runners burn less calories per 
kilometre and weigh less. As far as results in comparison of the stature of the athletes lining up 
at the Olympic marathon with those at the Olympic 100 m final. The 100 m final athletes are 
bigger and taller with greater calorie storage capability, but also have greater energy 
requirements at a given speed and it is harder to keep cool than the marathon athletes. One 
could postulate that many of the top elite athletes in endurance running leg turnover is nearly 
the at same rate logically would have made sense should one runner have been at a higher rate, 
but in fact turnover and stride length are essentially equal. Shorter runners with small body are 
easier to cool the body because there is a larger surface area to volume ratio, therefore, distance 
running tends to favour those who are lightweight because it takes less energy to transport a 
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smaller body and because the impact forces tend to be smaller when a more lightweight runner 
strike the ground during a foot strike (Maldonado et al., 2004). The usual argument is that mass 
increase more rapidly than stature as data on marathoners shows that runners who are ten 
percent taller typically weights about 30 percent more (O'Connor and Maughan, 2007). 
However, according to Kong and De Heer (2008), argue that taller athletes burn more energy, 
but they also have bigger muscles that can generate more power and store more fuel. It could 
be speculated that short athletes help with this, giving short athletes a slight advantage. 
Barandun, Knechtle and Knechtle (2012) found that among female athletes, shorter endurance 
athletes accelerated better compared to taller, long-distance athletes towards the end of the race. 
The acceleration contributes to an increase in stride length and reduces contact time during the 
last few seconds of the competition. On the other hand, Arrese and Ostáriz (2006) investigated 
the stature of male and female athletes and characterised sprint athletes as short in stature 
compared to endurance athletes. In another major study, Jones, Vanhatalo, Burnley, Morton, 
and Poole (2010) found that taller athletes performed better compared to their shorter 
counterparts over 800 m to 10 000 m. However, the authors overlooked the fact that muscle 
power and absolute speed endurance contribute to better performance in events such as 800 m 
to 10 000 m (Pallarés, Morán-Navarro, Ortega, Fernández-Elías & Mora-Rodriguez, 2016). 
The relative importance of power output and energy usage plays a more dominant role, whereas 
maximal speed with emphasis on maximal mobilisation on concentric movement may improve 
their sprinting performance (Maciejewska et al., 2017). The study would have been more 
convincing if Jones et al. (2010) considered the contribution of power output at an early stage 
and the importance of energy use at later stages in the 800 m since both play a more dominant 
role. 
A study by Eksterowicz, Napierala and Zukiw (2016) reached consistent conclusions in terms 
of a relationship between stature and endurance performance of Kenyan runners where they 
were taller with longer and slender legs, which contributed to them being more efficient athletes 
over long distances. It was argued that these distinct small size genetic endowments could be 
contributing factors to the 25 years of Kenyan runners’ dominance in World Cross-Country 
Championships. Scott et al. (2010) argues that bigger athlete has to haul more weight around 
the course; they may well have enough muscle and fuel to do it, but they are inevitably 
generating more heat in the process. That heat is proportional to their mass; their ability to get 
rid of heat, meanwhile, is proportional to their surface area. This suggest that mass increases 
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more quickly than surface area as the runners is taller, then the taller runners may have to run 
more slowly to avoid overheating. Conversely, Cribari, Rüst, Rosemann, Onywera, Lepers and 
Knechtle (2013) and Fornasiero et al. (2018) reported no relationship in endurance between 
stature and performance in distance running during competition. Additionally, Maciejewska et 
al. (2017) reported no relationship between stature and race performance of 37 senior male 
triathletes during competition. It is clear from this study that stature depends on running speed 
and endurance, where those who maintain their pace for a long period and more consistently 
will perform better. Moreover, numerous authors have found no relationships between stature 
and endurance performance in various events such as cross-country skiing (Bell, Furber, Van 
Someren, Anton-Solanas and Swart (2017), Barandun et al. (2012), Knechtle, Knechtle, 
Rosemann & Lepers (2011) (Knechtle, Duff, Schulze, Rosemann & Senn, 2009). However, it 
must be stressed that endurance events have nuances in terms of performance. That is, to excel 
at cross-country racing events is different to triathlons and 24-hour races. As such, stature may 
not be the most prominent performance indicator, or even contributor. Therefore, the effect of 
stature on the performance of cross-country athletes is uncertain.  
2.2.2  Body weight (BW) body mass  
The term body weight (BW) refers to a vertical force exerted by the result of gravity (Tanda & 
Knechtle, 2013). Body weight also appears to be an important factor of endurance performance. 
Studies have shown a strong negative relationship between performance outcome on the body 
mass (Vanderburgh, 2008), leaving individuals with a lower body mass at advantage. Research 
has shown that performance on endurance related sport, due to a large requirement of aerobic 
capacity, is independent of total body mass and more related to lean body mass and lean body 
mass to excess mass ratio (Bilzon et al., 2002). For example, cross-country athletes with a 
higher body weight are subject to poor performance, whereas, having less weight seems to be 
advantageous to athletes when compared to their heavier counterparts (Heydari, Freund & 
Boutcher, 2012). The detailed research on BW by Mori, Nagao, and Yamamoto (2016) shows 
that the performance of long-distance athletes is influenced by body weight. Performance 
improves significantly for the same athletes in this study across time, with the long-distance 
athlete having an average weight of 55 kg and 5.7% BF% throughout the year. This suggests 
that less weight leads to better aerobic and muscular power, which leads to better performance. 
A very lean male 60 kg athlete with 5% body fat will have 3 kg of fat; a typical elite 55 kg 
female athlete with 15% body fat will have more than 8 kg of body fat. Non-elite runners will 
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commonly have at least twice this amount, and many runners further down the competition will 
be carrying 20 kg or more of fat. The excessive adipose tissue acts as extra weight in running 
where the body mass must be repeatedly carried against gravity during locomotion for a certain 
period from one place to another (Kong & De Heer, 2008). The strength to weight ratio could 
be better allowing the cross-country athletes to use less energy. In other words, there seems to 
be some optimal range of body mass, which when coupled with the appropriate physiological 
capacity, tends to optimize performance cross-country athletes. Also, Hollings (2014) reported 
that athletes with a lower BW were favoured on uphill runs, whereas heavier athletes were 
challenged in endurance events. Gallen (2009) argued that heavier athletes had more muscle 
mass and excessive body fat percentages, which predisposed them to a disadvantage during 
uphill running. Ellulu, Abed, Rahmat, Ranne and Ali (2014) agree with Gallen (2009) that high 
BW, within the context of longer endurance events, decreases acceleration and causes early 
onset of fatigue. Significant analysis and discussion of BW were reported for male endurance 
athletes with different BW by Sanchez-Munoz, Muros, Lopez-Belmonte and Zabala (2020). In 
contrast to Sanchez-Munoz et al. (2018), Yamamoto, Miyashita, Hughson, Tamura, Shinohara 
and Mutoh (2008) argued that the lower mass on the segmental legs positively influenced 
performance and indicated that the distribution of mass might affect endurance athletes. 
This view is supported by Lee-Heidenreich and Myers (2017) who indicated that an athlete 
with a lower weight on legs and arms performed less work to accelerate their body when 
competing. The above studies imply that athletes with lower weight on the legs and arms exert 
less energy than normal to cover the same distance at the same speed. Lee-Heidenreich and 
Myers’s (2017) views assumed that lower BW athletes used the higher maximum oxygen 
intake capacity values in terms of BW, which yields better performance in endurance events. 
The importance of lower body weight is relative to power output, which plays a more dominant 
role in endurance running (Watts, Coleman & Nevill, 2012). This could suggest that power-to-
weight ratios might be essential for success in endurance athletes. The possibility that changes 
in skeletal muscle have a role in mediating the alterations in energy expenditure may be the 
reason that the athlete performs better during competition. The consensus seems to be that the 
demand for moving an additional weight turns out to be more extensive when BW is high. 
Because of the high proportion of BW, the oxygen extraction is more than normal, and fatigue 
set up quicker than expected (Wilber & Pitsiladis, 2012). This negatively influences the 
movement of the body across a certain distance at a certain speed and requires more time, while 
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high body mass athletes tend to require more oxygen than average athletes (Andersson, 
Björklund, Holmberg & Ørtenblad, 2017). Boullosa et al. (2020) reported a negative 
relationship between BW and race times in male marathon runners. The negative relationship 
between BW and race time implies that lightweight athletes tend to finish faster in competition. 
This might be due to the greater training volume of the athlete’s which maximize the amount 
of lean tissue, minimize the amount of body fat, and minimize total body weight. In general, 
lower BW disposition to weight is favourable when combined with optimal training. Therefore, 
this shows that lightweight athletes have more advantages than their counterparts with race 
times. The study by Bell et al. (2017) might have been far more persuasive if they had also 
investigated training of the participants. Damian (2015) suggests that middle distance runners 
have developed, through training methods and racing in more intense competition, to lower 
their body weight, which contributes to performance enhancement. Legaz, Munguia, Nuviala, 
Serveto, Moliner and Reverter (2007) argue that the strategy of high training workloads reduces 
the amount of total BW and the distribution and quantity of fat in cross-country athletes. 
Although training volume might not be the only factor related to the maintained and reduction 
of BW, training intensity, in particular running velocity, is associated with lower BW and fast 
race times for both recreational male and elite cross-country runners (Shaw, Gennat, O’Rourke 
& Del-Mar, 2006).  
2.2.3  Body fat percentage (BF%) 
The term body fat percentage (BF%) is described as the relative proportion of body mass 
composed of fat tissue (Rachmi, Li & Baur, 2017). A review of the literature regarding the 
BF% of endurance athletes reveals that it is an important factor of elite athletes, and that faster 
athletes tend to have lower BF% than recreational athletes (Gibson et al., 2009). Maciejczyk, 
Wiecek, Szymura, Szygula and Brown (2015) conducted a study consisting of two groups of 
men with different BF%, resulting from a lower level of BF% faster athletes and to high level 
of  BF% for slower athletes. The lowest level of BF% was associated with faster running 
performance, highlighting the role of BF% in elite runners’ simply meaning more 
(intensity/frequency/duration, and this in turn leads to lower BF% due to fat being a crucial 
fuel source (i.e., dose-response relationship). Maciejczyk and colleagues (2015) observed a 
significant relationship between BF% and the race time that these runners could run over 
10 km. The results indicated that leaner athletes seem to perform better in races at this distance. 
Some analysts, like Knechtle, Stiefel, Rosemann, Rust and Zingg (2015), attempted to draw 
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fine distinctions between BF% and performance by pointing out that lower BF% tended to be 
advantageous for endurance athletes because extra fat adds to the weight that has to be carried, 
and thus increases the energy cost of running. The relationship between BF% and race time 
may at least in part be explained by an association between the amount of training carried out 
and body composition. It would hardly be surprising if those who trained hardest ran fastest, 
and it would also not surprise most runners to learn that those who trained hardest also had the 
lowest body fat percentage. However, BF% does tend to decrease as the volume of training 
increases (Knechtle et al., 2015). A serious weakness with this argument, however, is that 
genetic disposition is the contributing factor to low BF% of the athletes. Other studies suggest 
a genetic contribution to V̇O  and endurance running (Jacob, Cripps, Evans, Chivers, Joyce 
& Anderton, 2016; Vancini, Pesquero, Fachina, dos Santos Andrade, Borin, Montagner & de 
Lira, 2014). However, Knechtle, Knechtle, Barandun, Rosemann and Lepers (2011) did not 
attempt to differentiate between genetic disposition and BF%. The effect of genetic disposition 
and BF% should not be overlooked as it may affect how quickly the body will move over a 
given distance (Scott & Pitsiladis, 2006).  In 172 dizygotic and monozygotic twins, the genetic 
effect for V̇O  was 40% (Eynon, Hanson, Lucia, Houweling, Garton, North & Bishop, 
2013). Similarly, lightweight long-distance athletes, together with exceptional environmental 
factors (years of altitude living and genetic), seems to be contributing to attain the highest 
possible level of running endurance performance (Döring, Onur, Fischer, Boulay, Pérusse, 
Rankinen, Rauramaa, Wolfarth & Bouchard, 2010). 
Muscle strength and body mass have been reported to be influenced by genetic factors 
Ahmetov, Williams and Popov (2009), for example, genes such as polymorphisms has been 
suggested to affect LBM, conversely, as a potential link between endurance performance Scott, 
Irving, Irwin, Morrison, Charlton, Austin, Tladi, Deason, Headley, Kolkhorst, and Yang (2010) 
but, the authors do not elaborate on the interpretations of their findings. However, other studies 
in polymorphisms and elite endurance performance, the findings were consistent both within 
and across studies, so this may be a true association that warrants investigation and more robust 
research (Ahmetov et al., 2009; Eynon et al., 2013; Vancini et al., 2014). The attributes were 
imperative to enhancement of endurance performance. However, Wood et al. (2016) pointed 
out that the combination of sprint and high-intensity interval training of elite distance athletes 
could be the contributing factor for lower BF%, provided that all factors such a physiological 
parameter, diet and training were met. Wood et al.’s (2016) findings lend support to the claim 
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that high-intensity training increases a lower BF% in well-trained endurance athletes. The 
possible mechanisms underlying the high-intensity training induced fat loss effect include 
increased exercise and postexercise fat oxidation and decreased postexercise appetite (Nybo, 
Sundstrup, Jakobsen, Mohr, Hornstrup, Simonsen, Bülow, Randers, Nielsen, Aagaard and 
Krustrup, 2010). Whilst with ongoing high-intensity running mitochondrial oxidation capacity 
is limited, consequently leading to the production of lactic acid (Joyner and Coyle, 2008).  The 
superior body composition of the faster athletes might  be due to their experience, running sport 
and training volume (weekly training sessions, and distance covered during a week). This larger 
training volume accounts for a larger part of the variance of BF%, as it has been shown that 
increased fatty acid oxidation occurs during submaximal and prolonged exercise (Maciejczyk 
et al., 2015). It could suggest that regular prolonged exercise training results in increased fat 
oxidation during exercise; consequently, increases the activity of certain hormones, such as 
testosterone and growth hormones, that stoke fat burning (Joyner and Coyle 2008). Revealing 
with ongoing high intensity running mitochondrial oxidation capacity is limited, consequently 
leading to the production of lactic acid. Nybo et al. (2010) indicated that the amount of training 
and intensity seemed to be of importance for BF% loss and alteration in body composition. 
Nybo et al. (2010) compared the effect of intense interval running and prolonged running and 
found that BF% was lowere after prolonged running. In contrast, Trapp, Chisholm, Freund and 
Boutcher (2008) found a decrease BF% after repeated sprint training but not prolong cycling, 
even though the energy expenditure during the 15 weeks of training was equal. The oxidation 
system is highly adaptable to endurance training V̇O peak (Daussin et al. 2007, 2008; Gibala 
et al. 2006; Burgomaster et al. 2008; Akimoto et al. 2005; Kusuhara et al. 2007; Serpiello et 
al. 2011; Laursen and Jenkins 2002) increases and well trained marathon runners may perform 
close to their V̇O peak without reaching VLT (Holloszy et al., 1977). 
Although nutrition was not considered in their study, it could be anticipated that fast athletes 
would adopt better nutrition strategies (Berryman, Mujika, Arvisais, Roubeix, Binet & Bosquet 
(2018). Berryman et al. (2018) maintained that a lower BF% has a performance advantage in 
endurance sport, thereby, suggesting that a low BF% might result from high training volume 
or different metabolic functioning. Halson (2014) identified that higher average training 
volume reduces the BF% in endurance athletes. Del Coso, González, Abian-Vicen, Salinero 
Martín, Soriano, Areces, Ruiz, Gallo, Lara and Calleja-González (2014) show that competitive 
running pace during practice sessions could equally decrease BF% and enhance competition 
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performance in beginner male cross-country athletes. A longitudinal study of 768 male 
European runners who participated in the IAAF Cross-Country World Championships from 
2007 to 2013, conducted by Esteve-Lanao, Del Rosso, Larumbe-Zabala, Cardona, Alcocer-
Gamboa and Boullosa (2019), demonstrates a lower BF% than previous years counterparts 
with 8% value at the time of competition, which was an average during competition. Ellulu et 
al. (2014) indicated that Eritrean 10-12 km distance athletes were significantly lighter (p <0.01 
and p <0.05, respectively)  than European 10-12 km distance athletes in BF% and suggested 
that Eritrean athletes were more likely to be successful in the same distance than European 
athletes. Stöggl and Sperlich (2019) also reported a positive correlation (r = 0.81) between 
BF% and marathon race times in male  athletes. However, Larsen and Sheel (2015) found no 
relationship between BF% and the 10 km race time in male athletes. Thus, training speed and 
low body fat percentage were related more to performance than race time (r = 0.92, p < 0.01) 
race time (r = 0.85, p < 0.01). Hanley and Hettinga (2018) also found no relationship between 
BF% and performance in 5 km race athletes. Both these reports could be attributed to small 
sample sizes and the use of experienced athletes (Shaw et al., 2006; Knechtle, Knechtle, Wirth, 
Alexander, Rust and Rosemann, 2012). 
Based on these findings, it appears that a lower BF% level is critical for success in distance 
running.  In agreement with Shaw et al. (2006) and Knechtle et al. (2012), the results of Rachmi 
et al. (2017) subscequently the study support the accumulating evidence that body fat 
percentage is inversely associated with cross-country running. Consequently, is not always 
predictive of the potential competition winner from among elite runners. Although extensive 
research has been carried out on BF%, no single study up to date in my knowledge appears to 
be adequately covering BF% on elite male cross-country runners. It is speculated that there is 
inversely association to the BF%, and V̇O  cut-off points but BF% is important variable for 
prediction of BF% of risk to generate action to fight early obesity (Smouter et al., 2019). Shete 
et al. (2020) showed a negative correlation between V̇O  and BF% but was not statistically 
significant. According to the researcher’s knowledge half of the evaluated studies failed to 
specify the relation between V̇O   and BF% in cross-country running and have not treated 
these parameters in much detail, therefore, warrant further research. According to the 
researcher’s knowledge half of the evaluated studies failed to specify the relation between 
V̇O   and BF% in cross-country running and have not treated these parameters in much 
detail, therefore, warrant further research. 
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2.2.4  Lean body mass (LBM) 
There seem to be substantial differences in lean body mass (LBM) among endurance athletes, 
and the athletes with the lean lowest LBM were reported to usually be the better performers 
(Mohamed, Vaeyens, Matthys, Multael, Lefevre, Lenoir & Philppaerts, 2009). A longitudinal 
study of anthropometric and performance characteristics in 343 elite and recreational distance 
athletes by Hoffman and Fogard (2012) reported that the elite participants were significantly 
(p < 0.05 and p < 0.01) leaner than the recreational participants. The recreational distance 
runners were found to have greater muscle mass strength than the elite participants and were 
also slower than elite distance athletes. This could be the contribution of elevated contraction 
velocity in both slow-twitch and fast-twitch muscle fibres (Mohamed et al., 2009). The 
elevated twitch contraction velocity allows skeletal muscles to function efficiently at high 
speed during exercise training. It was concluded that the lean body mass and performance 
characteristics differed between long-distance runners at different levels of competition 
(Ramos-Jiménez, Wall-Medrano, Hernández-Torres & Murguía-Romero, 2019). The serious 
weakness with the study, however, is that the contribution of contractile tissue within muscles 
and how these variables are altered with endurance training were neglected. Ramos-Jiménez et 
al.’s (2019) paper would have been more useful if it had included resistance training. 
Chronic resistance training has been found to affect contractile tissue muscle in athletes. The 
improved LBM in contractile with resistance training can contribute to great muscle force and 
power production, which lead to better training and running performance. Sandford and 
Stellingwerff (2019) found a positive relationship (r = 0.69, p = 0.05) between lean body mass 
and performance in a 10 km cross-country distance race. Jones, Gries, Minchev, Raue, 
Grosicki, Begue and collegaues (2015) argued that resistance training in lean athletes increased 
the power production of contractile tissue muscle and contraction velocity, indicating that 
improved performance can be attained through resistance training interventions. Hanley (2018) 
demonstrated that total lean mass in the legs related to the overall race performance and that 
relative lean legs mass correlated with performance on uphill courses (r = 0.40, p = < 0.001). 
Knechtle and co-workers (2012) stated that athletes with a relative lean mass on the lower 
extremities and arms performed a lesser amount of work moving their body during running. 
Watson (2014) developed the claim that energy demand by the limbs rises by 10% for any 
additional weight, therefore, small individuals with lean lower limbs perform better. Watson’s 
findings supported the claim that there was a strong relationship (r = 0.89, p = < 0.05) between 
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lean body mass and performance because of a weight decrease during competition season.   
Shafeeq, Abraham and Raphel’s (2010) debate on lean body mass suggests that endurance 
training increases the lean body mass of elite distance athletes with different performance, 
despite a general relation found between lean body mass and V̇O . Previous data showed 
that distance athletes with higher lean body mass content performed better during a treadmill 
running test over the race distance (Boullosa, Esteve-Lanao, Casado, Peyré-Tartaruga, Gomes 
da Rosa & Del Coso, 2020). The study showed that athletes with the highest lean body mass 
values display considerably lower body mass. Overall, these studies suggest that a high lean 
body mass, as well as a low body mass, can have a positive impact on the performance of the 
athlete. Therefore, lighter athletes could have a proportion of LBM and low BF%, which then 
seems to be related to better race performance. As the muscles and internal organs have a higher 
metabolic rate that than the equivalent weight of fat, a good percentage of LBM increase the 
metabolism and make it easier to maintain the competition weight. There is also evidence that 
high proportion of LBM reduces inflammation because the small fat cells in lean individuals 
enhance performance, while the enlarged fat cells in overweight or obese people promote 
inflammation and chronic disease (Sundgot-Borgen, Meyer, Lohman, Ackland, Maughan, 
Stewart & Müller, 2013). Previous research seems to validate the view that higher lean body 
mass could result in positive performance during race competition in world-class endurance 
athletes (Herrmann, Graf, Karsegard, Mareschal, Achamrah, Delsoglio, Schindler, Pichard & 
Genton, 2019). Hermann et al.’s (2019) conclusions assume that if the relative LBM is high 
because the BW is high, it could enhance the performance. Duda, Majerczak, Nieckarz, 
Heymsfield and Zoladz (2019) propose that in some, with vigorous training, athletes display 
considerably lower LBM. The LBM decreases with training distance per year and results in a 
loss of total body mass and greater loss of BF%, which improve muscular endurance. Seasonal 
changes in LBM have been documented to decrease during the competition season (Jagiello, 
Kalina & Jagiello, 2011). 
Pronounced changes in LBM of highly trained athletes take place if the distance covered during 
the off-season is maintained at approximately 120 km/week (Marangoz, 2018). It should be 
considered that with high LBM, the work of moving the body on the running racetrack is easier 
due to lean mass power production which will be more favourable for performance (Sulowska, 
Mika, Oleksy, & Stolarczyk, 2019). This provides greater resistance to athlete motion, which 
forces the athlete to increase the muscle force of contraction per workload (Sulowska et al., 
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2019). By increasing LBM will be more favourable for performance. The influence of body 
composition may be particularly important for sports discipline of basketball, boxing, or 
handball in which athletes are required to have an appropriately high aerobic performance 
together with higher muscle mass (Kirchengast, 2010; Maciejczyk et al., 2014). Similarly, a 
study with elite male endurance athletes showed that LBM was correlated with performance in 
10 km distance (r = 0.727) (Stanforth et al., 2014). This observation indicates that long-distance 
athletes, with a significant high LBM lean body mass. Similarly, a study with elite male 
endurance athletes showed that LBM was correlated with performance in 10 km distance (r = 
0.727) (Stanforth et al., 2014). Similar results were presented in young male NCAA collegiate 
5000m-10 km distance runners where the LBM was estimated with skinfolds (Roelofs, Smith-
Ryan, Melvin, Wingfield, Trexler & Walker, 2015). In contrast, Zillmann, Knechtle, Rüst, 
Knechtle, Rosemann and Lepers (2013), did not observe any association between LBM and 10 
km performance in elite male and female athletes, while they reported minor changes in LBM 
after 20 weeks of training. This observation indicates that long-distance athletes, with a 
significant high LBM lean body mass, could improve in performance, depending on 
physiological and biomechanical efficiency. Although lean body mass and body fat might be 
performance related, they could reduce the metabolic demands of locomotion. Another method 
is somatotype, which may attribute to performance enhancement of athletes. 
2.2.5  Somatotype 
Somatotype is a classification of physique based on body size and structure of the human body 
(Duda et al., 2019). The role of a somatotype as a performance indicator in endurance running 
has been studied by Sánchez Muñoz, Muros, López Belmonte and Zabala (2020). The 
somatotype of an athlete can be endomorphic (high body fat), mesomorphic (lean body mass 
and a high level of muscularity) and ectomorphic (lean body mass with low body fat levels), 
or a combination of these components (Sánchez Muñoz et al., 2020). Athletes can, therefore, 
also be further classified into categories such as ecto-mesomorph, meso-ectomorph, meso-
endomorph as well as other combinations such as body composition, circumferences, and bone 
breadths (Marc, Sedeaud, Guillaume, Rizk, Schipman, Antero-Jacquemin, Haida, Berthelot 
and Toussaint, 2014). Gamboa, Espinoza-Navarro, Hernández, Gómez-Bruton and Lizana 
(2018) report that the most dominant somatotype classification of competitive cross-country 
athletes seems to be within the ectomorphic sector. 
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In a study conducted on 60 elite male distance (10 km) athletes by Li, Wang, Newton, Sutton, 
Shi, and Ding (2019), it was reported that the athletes were less endomorphic and more 
ectomorphic than novice 10 km athletes. Somatotype is one of the factors that can influence 
the performance of athletes in endurance sport. Generally, elite endurance athletes have 
somatotypes that distinguish them from novice athletes due to both lower BW and BF% which 
produces greater momentum compared with their novice peers, conversely, light weight 
runners will be able to carry and propel their body for a long period (Peinado, Filho, Diaz, 
Benito, Alvarez-Sanchez, Zapico & Calderon, 2016). Ayan and Erol (2016) report that 
somatotype is a major contributor to variance in various sporting codes, for example, in elite 
male basketball players with regard to weight and physical level, elite players are significantly 
taller compared to novice players which directly relate to jumping performance, indicating that 
the stretch-shorting cycle load are critical to performance (Turner & Jeffreys, 2010). In cross-
country running, for example, the somatotype factor ratings of ectomorph correlate positively 
with the 10 km running time in non-athletes and elite athletes (Sukanta, 2014). Conversely, 
increase the output power which lead to generating more power during running. According to 
Arrese and Ostáriz (2006) athletes who have dominant ectomorph have advantage in endurance 
events because it is correlated positively to output power, ventilator rate, oxygen consumption 
and heart rate. Hanley (2014) suggests that somatotype and physiological variables should be 
assessed as independent factors in the recruitment of athletes. 
As found in some studies Mielgo-Ayuso, Norte-Navarro, Cejuela, Cabañas & Martínez-Sanz, 
(2015) and Eming et al. (2018), overall male somatotype results can be affected using athletes 
from a range of disciplines across endurance running; therefore, assessing somatotype and 
physiological variables independent could be used as reliable predictive factors for the 
predestination of an athlete to performance. Therefore, the somatotype of endurance athletes is 
described to be ectomorph, moderate meso-ectomorph, and low endomorph (Ramos-Jiménez, 
Chávez-Herrera, Castro-Sosa, Pérez-Hernández, Hernández-Torres & Olivas-Dávila, 2016). 
Athletes participating in 800 m and 1500 m events scored slightly higher in the mesomorphic 
domain, while those competing in 5000 m up to marathon events scored the highest in the 
meso-ectomorphic domain. In a review of the somatotypes of athletes, the lowest levels of 
endomorph were found in distance athletes and the highest ectomorphic level in both cross-
country running and ultramarathon running (Hoffman, Ong & Wang, 2010). This is because 
most elite athletes were more muscular and endurance athletes had lower body fat percentage 
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and lean muscle mass. Ectomorphy indicates the greatest variability within most sports with 
distance athletes having the highest rating (Duquet & Carter, 2009). The literature indicates 
that somatotype analysis could provide better identification of the body build specification in 
endurance events, which correlates with body height, and output power and ventilator rate 
physiological characteristics (Ayan & Erol 2016b; Cárdenas-Fernández, Chinchilla-Minguet 
& Castillo-Rodríguez, 2019). The somatotype factor ratings of endomorph and ectomorph 
correlate positively with the 10 km running time in non-athletes and athletes (Rüst, Knechtle, 
Knechtle & Rosemann, 2013). Hanley (2015) suggests that somatotype and physiological 
variables should be assessed as independent factors in the recruitment of athletes. The 
abovementioned studies have enhanced our understanding of morphological characteristics and 
their significance for performance. Morphological characteristics account for positive 
performance in the endurance sport with training volume (weekly training sessions, and 
distance covered during a week). It appears that training volume needs to be manipulated to 
reach a targeted BW, BF%, LBM and somatotype, while reducing the risk of the short-term 
and long-term health of runners. It is, therefore, critical for competitive athletes, to be able to 
learn about their body composition measurements as accurately as possible in order to maintain 
a sufficient level of health while training.  Also, it appears that having a lower BW, lower BF% 
and higher proportion of LMB (muscle mass) is critical for success in cross-country running. 
However, this is not always predictive of the performance of cross-country running, as 
physiological factors also contribute to enhance athletes’ performance.  
2.3  Physiological characteristics of senior male cross-country athletes 
Physiological characteristics are broadly defined as factors that affect performance or the 
ability to recover from maximal effort (Beneke & Leithäuser, 2017). Energy is required to 
facilitate muscle contractions and locomotion (Jones, Kirby, Clark, Rice, Fulkerson, Wylie, 
Wilkerson, Vanhatalo & Wilkins, 2020). That is, oxygen is used to catabolise fuel substrates 
such as glucose to produce adenosine triphosphate (ATP), which is used during muscle 
contractions. Physiological characteristics can be trained and refined. As such, endurance 
athletes are known to have large aerobic capacities. The physiological characteristics 
commonly associated with endurance athletes are maximum oxygen consumption (V̇O ), 
running economy (RE), and ventilatory thresholds (VT1 and VT2).  
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2.3.1  Maximal oxygen consumption (V̇O2max)  
While a variety of definitions of the term V̇O  (measured in mlO2·kg-1·min-1) have been 
suggested, this research will use the definition suggested by Foster, Koehle, Dominelli, 
Mwangi, Onywera, Boit, Tremblay, Boit and Sheel (2014), who suggested it to be as a human 
being’s maximum ability to take in, transport, deliver and use oxygen. Traditionally, V̇O  
has been accepted as a significant physiological factor related to successful performance in 
long-distance running (Hunter, Joyner & Jones, 2015). Over the past century, there has been a 
drastic increase in the number of investigations on the topic of the utilisation of oxygen with 
rapid advances in the field of physiology and sports exercise (Schmid, Knechtle, Knechtle, 
Barandun, Rust, Rosemann & Lepers, 2012). A considerable amount of literature has been 
published on elite distance athletes (Taylor, Seegmiller & Vella, 2016). These studies involved 
successive experiments, which revealed that oxygen expenditure grew with an increase in 
running velocity or intensity of the exercise (Beneke & Leithäuser, 2017). Historically, 
research on V̇O  emerged in 1923 when Hill and Lupton initiated this research and it 
developed into one of the most researched topics in the field of physiology and physical 
exercise. Several lines of evidence suggest that the oxygen inspired is transported via blood 
and used in the muscle cells to assist in meeting the aerobic energy demands placed on the 
body and appears to be proportional to the intensity of the workout during exercise (Seiler & 
Tønnessen, 2009). 
Tawa and Louw (2018) formed the central focus of the study by Hill and Lupton in which the 
authors found a relationship (r = 0.67, p < 0.01) between V̇O  and running performance. 
However, Noakes (2008) found a low V̇O  among elite black South African athletes 
compared to Kenyan, Ethiopian, and Eritrean athletes. However, high V̇O  values were 
reported to correlate with success in endurance events. However, Noakes, Harley, Bosch, 
Marino, Gibson and Lambert (2004) argued that V̇O  alone could not explain running 
performance in athletes with similar aerobic capacity. Furthermore, there is evidence to suggest 
that individuals with similar V̇O  levels may differ significantly in oxygen cost or energy 
expenditure at submaximal running speed (Damasceno et al., 2015; Noakes et al., 2004). As a 
rebuttal to this point, it could be argued that poor biomechanical and running techniques 
differences can affect V̇O  during endurance performance (Mann et al., 2013). Within the 
group of trained elite distance runners Barnes, Hopkins, Mcguigan, Northuis and Kilding 
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(2013), it has been suggested that a superior RE, quantified as submaximal  oxygen uptake, is 
associated with lower V̇O  values. These findings have been used to postulate the  superior 
economy compensates for lower V̇O  in some individual to achieve a similar performance 
level (Saunders, Telford, Pyne, Peltola, Cunningham, Gore & Hawley, 2006). A study by 
Matabuena, Vidal, Hayes and Huelin Tillo (2018) showed that oxygen expenditure has 
influenced a peak value, unclear and plateaued, while there is increased work capacity. 
Matabuena et al. (2018) speculate that O2 utilisation affects a peak value because of the 
limitations in the cardiac and breathing systems. Using this approach, researchers have been 
able to investigate the distinct stages of oxygen utilisation, namely O2 intake, O2 transport and 
O2 utilisation. The proficiency of a single step can be affected by a host of biological systems 
within the physiology (Rankinen, Fuku, Wolfarth, Wang, Sarzynski, Alexeev, Ahmetov, 
Boulay, Cieszczyk, Eynon & Filipenko, 2016). Oxygen intake is inhaling from the ambient 
atmosphere into the respiratory system (Jones et al., 2015). Oxygen transportation is the 
diffusion of the O2 from the lungs into the blood (Eksterowicz et al., 2016), where it is 
transported as oxyhemoglobin via the cardiovascular to the capillary network in the active 
skeletal muscle groups (Rankinen et al., 2016). 
Oxygen utilisation is the capability of the muscle to accept and utilise O2 to produce adenosine 
triphosphate (ATP) molecule energy through all pathways associated with both aerobic and 
anaerobic  processes (Sierra, Benetti, Ghorayeb, Sierra, da Cunha Bastos, Rocco & Kiss, 2015). 
The aerobic and anaerobic processes depend on the arterio-venous oxygen difference (a-vO2) 
in the capillary network within the skeleton (Schmid et al., 2012). According to Caseli, 
Montesanti, Autore, Di Paolo, Pisicchio, Squeo, Musumeci, Spataro, Pandian and Pelliccia 
(2015), the Fick Equation [VO2 = Q x (a-v) O2diff] governs the rate of oxygen consumption 
where VO2 is equal to millilitres of air inhaled per minute or millilitres of air exhaled per 
minute, Q is equal to the cardiac output and [(a-v) O2diff] is equal to arterial venous O2 
difference. In this equation, the volume of blood pumped by the heart per minute is determined 
by the volume of blood pumped by the heart at each contraction per minute (Shaw, Ingham, 
and Folland, 2018). Arterial-venous O2 difference [(a-v) O2diff] is the variation between the 
arterial and venous quantity of O2 (Poulsen, Hjortshøj, Korup, Poenitz, Espersen, Søgaard, 
Suder, Egeblad & Kristensen, 2007). The amount of oxygen used therefore relies on the heart 
and lung systems (Tam, Rossi, Moia, Berardelli, Rosa, Capelli & Ferretti, 2012). The O2 carried 
to the muscle during exercise is utilised by aerobic respiration in the muscle mitochondria to 
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produce ATP energy for activating skeletal muscle contraction (Bozzini, Pellegrno, Walker, 
McFadden, Poyssick & Arent, 2019). All pathways associated with both aerobic and anaerobic 
ATP provision are activated for the muscles to provide body movement at a balanced rate 
(Andrianopoulos & Vogiatzis, 2017). When the intensity of training increases, the aerobic 
energy needed to match the demands being placed on the body increases. The main difference 
between jogging vs the required race speed is the pace and intensity. Therefore, jogging can be 
6-10 km per hour, while racing speed can be defined as 10 km per hour or more. For example, 
a 35-years-old person has a maximal heart rate of 220-0.7 multiplied by 35, or 185 beats per 
minute. To enter the jogging zone, one should exercise hard enough to raise their heart rate 70-
85% of 185 beats per minute. This comes out to 130-157 beats per minute. Conversely, allows 
the athlete to cope with changes and demands being placed on the body during training. For 
example, only small changes are required in the cardiovascular and respiratory systems to jog 
five minutes, whereas significant changes are required to compete at 10 km/h in 10 km race. 
However, the changes required dependent on the trained state and efficiency of the individual 
including many other factors such as diet and environment. 
To enter the race zone, one should exercise hard. Therefore, O2 utilisation increases 
proportionally to meet energy demands (Caseli et al., 2015). The association was validated by 
research on athletes conducted by Price, Bird, Lythgo, Raj, Wong, and Lynch (2017) as well 
as Harley and Noakes (2012). Cross-country athletes were found to have the (70.1 ml·kg-1·min-
1 vs 53 ml·kg-1·min-1) highest V̇O  values, compared to recreational athlete’s marathoner 
but these values were slightly lower than values observed in elite marathon athletes (Poulsen 
et al., 2007). Similarly, Miller, Macdermid, Fink & Stannard (2017) found that elite cross-
country athletes have considerably greater V̇O  values than recreational cross-country 
athletes. Elite runners have shown V̇O  value of up to 85 ml·kg-1·min-1 which high V̇O  
quantities are a pre-requisite for success in elite cross-country running (Schneeweiss, 
Schellhorn, Haigis, Niess, Martus & Krauss, 2019). A previous study by Nikolaidis and 
Knechtle (2019) examined male and female elite athletes and novice athletes and found that 
there was a direct correlation between increased running power and increased O2 utilisation. In 
the same vein, Myrkos, Smilios, Kokkinou, Rousopoulos & Douda (2019) have regarded 
V̇O  as a significant physiological factor related to performance in endurance running. 
26 
  
Research papers that have been written on V̇O  included a section relating endurance 
running with V̇O  as an important parameter in the long-distance running, which plays a 
key role in athletes’ success. Indeed, Knechtle et al. (2012) reported an association between 
V̇O  and accomplishment in elite endurance athletes. Price et al. (2017) conducted a study 
of V̇O  in marathon and recreational marathon athletes using 133 Swedish athletes who 
were competing internationally and at club level. The athletes attained high mean values for 
V̇O   (77.1 ml·kg-1·min-1) in the individuals that were tested (Zillmann, Knechtle, Rüst, 
Knechtle, Rosemann & Lepers, 2013). The average V̇O  value for the top 15 males was 
5.75 L/min and the top ten V̇O  values for female athletes averaged 3.6 L/min. In a meta‐
analysis comparing the effects of interval and continuous training of healthy adults on their 
V̇O , Milanovic et al. (2016) reported greater adaptation of athletes to endurance training. 
This conclusion is supported by an analysis from Bell and Wenger (1988), which demonstrated 
a linear improvement in V̇O  as training intensity increased from 50 to 100% of V̇O  
and a meta‐analysis from Bacon et al. (2013), which reported a greater increase in V̇O  for 
high endurance training relative to values typically reported in large studies. Similarly, a meta‐
analysis by Weston et al. (2014) concluded that 10 km was more effective than work matched 
MICT for improving V̇O  in patients with induced cardiometabolic disease. 
Finally, a recent large, randomized control trial of different intensities of continuous exercise 
with obese adults supports these meta‐analyses: greater increases in V̇O  were demonstrated 
in response to 24 weeks of exercise performed at 50% of  V̇O  relative to iso-caloric 
exercise performed at 50% of  V̇O  with differences apparent after 8 weeks of training 
(Ross, et al., 2015). A small-scale (<25 participants) study by Atkinson, Davison, Passfield and 
Nevill (2003) reached different conclusions, finding no correlation between V̇O  and 
endurance running ability. The author overlooks the fact that V̇O  contributes to 
performance and fails to acknowledge the significance of endurance running. However, the 
results were based on data from a small sample (Lucia, Hoyos, Perez, Santalla, Chicharro, 
2002; Reis, Millet, Malatesta, Roels, Borrani & Vleck, 2010). Elite competitive distance 
athletes were assessed for V̇O  and participated in three recorded performances of 1 600 m, 
3 200 m, and 9 600 m. Oxygen consumption related to competition times in the three 
competitions are r = -0.84, -0.87, and -0.88 (Sandford, Rogers, Sharma, Kilding, Ross & 
Laursen, 2019). Also, Jacobs, Rasmussen, Siebenmann, Diaz, Gassmann, Pesta, Gnaiger, 
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Nordsborg, Robach and Lundby (2011) reported a strong negative relationship between 
V̇O  and BW (r = -0.52) as well as V̇O  values and maximum thigh circumference (r = 
-0.58). However, echoing the sentiments of Noakes et al. (2004), González-Mohíno et al. 
(2016) argued that V̇O  alone could not explain running performance in athletes with 
similar endurance levels. 
2.3.2  Running economy (RE) 
Running economy (RE) refers to a measurement of how efficiently an athlete uses oxygen (O2), 
which is measured as the submaximal volume of oxygen required when operating at a given 
speed (Franzen et al., 2013). The relationship between running economy (RE) and performance 
is well documented and RE is thought to be an essential contributor to endurance performance 
(Franzen, Mangold, Erz, Claussen, Niess, Kramer & Burgstahler, 2013). On the other hand, 
Barnes and Kilding (2015) refer to RE as an interaction of biological and biomechanical 
characteristics that distinct as the energy request and speed of maximal sprinting and stated as 
the submaximal O2 uptake (V̇O ) at a certain running speed. Running economy can also be 
determined by measuring how efficiently an athlete consumes oxygen and the respiratory 
exchange ratio (RER) at a steady state (Barnes & Kilding, 2015). RE has significantly increased 
the interest of researchers and it is one of the greatest factors that determine the degree of 
efficiency with which cross-country athletes perform (Shaw et al., 2018). Studies have revealed 
that RE is the critical factor for endurance sports and sets endurance athletes apart with regard 
to competition performance. The novel finding of the present study was that high-level distance 
runners have significantly better RE on the track compared to the treadmill with the widely 
used 1% inclination (Casado & Ruiz-Pérez, 2017; Mooses et al., 2013; Shaw et al., 2018). 
Early research (Pollock, 1977) compared elite American distance runners (V̇O  79 ml-1 .kg-
1. min-1) and reasonably trained distance runners (V̇O  69.2 ml·kg-1·min-1) and concluded 
that elite runners had a better RE than their counterparts, as V̇O2 values were significantly 
lower in the elite runners compared to the trained runners when running at the same pace. Even 
though physiological characteristics such as V̇O  are essential, it has often been seen that 
world-class athletes who win main competitions have recorded efficient RE average scores, 
compared to fellow competitors (Foster & Lucia, 2007; Shaw, Ingham & Folland, 2014). Foster 
and Lucia (2007) then expressed the V̇O2 values as a percent of each runners V̇O  and found 
that the elite runners worked at a lower percent of their V̇O  compared to the trained runners 
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when running at the same speed. Previous research, comparing elite long-distance athletes 
(V̇O  79 mlO2·kg-1·min-1) RE 71.2 ml·kg-1·min-1 with recreational endurance athletes 
(V̇O  69.2 mlO2·kg-1·min-1), RE 49.571.2 ml·kg-1·min-1 indicated that the elite athletes had 
better RE than recreational athletes (Franzen et al., 2013; Taipale, Mikkola, Vesterinen, 
Nummela & Häkkinen, 2013). Conley (1980) examined RE in 12 elite distance runners of 
similar calibre and concluded RE as a good predictor of 10 km running performance. Their 
findings demonstrated a high correlation between RE and 10 km race time (r = 0.79 to 0.83). 
When expressed as a percentage of V̇O  this difference in RE was magnified, with the elite 
athletes working at a lower percentage of their (75-80%) V̇O . Kenyan elite and adolescent 
athletes were reported to have a low energy cost compared to their elite European counterparts 
with all factors considered and the several years of long-distance dominance (Poole & Jones, 
2017). 
Tam et al. (2012) assessed anthropometric characteristics (height, body mass, somatotype, and 
LBM) and RE of ten top-level Kenyan marathon runners and nine European controls. The 
results of the study revealed that the lighter and shorter athletes have a possible effect on RE 
and were able to maintain a lower percentage of  V̇O . Along similar lines, Helgerud, Storen 
and Hoff (2010) argued that the O2 demand of endurance athletes could increase with body 
weight and the consensus view seemed to be that athletes with greater/lesser lean body mass 
athletes seemed to be more efficient than their heavier counterparts. As a matter of fact, the 
endurance sports varying from 1500 m to the half marathon, it was not unusual to see athletes 
vary by as much as 25 kg and 30 cm in the same competition with the same experience, 
however, had similar 10 km race times due to their 5% enhanced RE. (Tucker, Onywera & 
Santos-Concejero, 2015). Macdermid et al. (2014) reported that LBM mass athletes with lesser 
mass or a smaller amount were more efficient than their heavier athletes. For example, if the 
athletes were carrying extra weight and decided to compete in the 10 km race, he/she would 
find it harder to run compared to a lower body mass athlete. Consistently, extra body weight 
put too much of a load on the knees, hips, affecting the natural gait. Conversely, could increase 
ventilatory demands, which would cause an increase in respiratory work and would lead to RE 
deterioration. Furthermore, it has been demonstrated that when body weight added mass to the 
trunk (in the form of a backpack) during RE trials, each kilogram of the extra weight changed 
both V̇O  and RE in young athletes and adult athletes by 1.11% per added 100 grams of 
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mass at 3.5 m. s-1 with increased total running time by 0.78% per 100 grams of mass. Similarly, 
Franz Wierzbinski and Kram (2012) observed that metabolic rate increases linearly with added 
mass is consistent with earlier findings (Fuller, Bellenger, Thewlis, Tsiros & Buckley, 2015). 
Theoretically, runners with high body mass need more energy and therefore, more oxygen than 
with less body mass at the same velocity. Subsequently, increase metabolic adaptations within 
the muscle such as increased mitochondria and oxidative enzymes, the ability of the muscle to 
store stiffness of muscles, and more efficient mechanics leading to more energy wasted of force 
and excessive vertical oscillation. Worobets, Wannop, Tomaras, and Stefanyshyn, (2014) 
observed an increase in two submaximal of 1.2% per 100 grams added mass per shoe at a 
running velocity of 3.83 m·s-1. Similarly, Hoogkamer, Kipp, Frank, Farina, Luo and Kram, 
(2018) observed a metabolic rate increase of 1.16% per 100 grams added mass per shoe at a 
running velocity of 3.35 m·s-1. 
However, Pizzuto, De Oliveira, Soares, Rago, Silva and Oliveira (2019) point out that the 
reduction in RE in adults compared to children was due to the difference in body weight and 
not just development and growth. Nevertheless, other variables do play a part in this reduction, 
for example, weight it accounts only 20% of the variance; thus, it can easily be obscured by 
factors such as training (Martín, Renfree, Fernández-Ozcorta, Torres & Santos-Concejero, 
2019). Gomez-Molina, Ogueta-Alday, Camera, Stickley, Rodriguez-Marroyo and Garcia-
Lopez (2017) have shown smaller to the moderate (r = 0.30, p = 0.003 and r = 0.40, p = 0.030) 
different relationship between performance and RE. Ferber and Macdonald (2014) claim that 
running economy and direct forward motion consist of 8% of the gained metabolic needs of 
athletes. In contrast, the undertaking of limb swing includes 7%, keeping adjacent balance 2%, 
and upper body limb swing decreased by 3%, indicating a net metabolic advantage (Bobbert et 
al., 2020). It can be argued from the data that most of the work is done by the limbs to keep the 
body balanced. This could suggest when running at a high-power output, the oxygen cost in 
net metabolic for each athlete, which accounts for better performance. The association between 
performance and RE has been suggested as an outcome of changes in mass distributed in an 
athlete’s body, mainly in the leg segments (Shaw, Ingham & Folland, 2014). This can be 
illustrated briefly by changes in body structure; mainly, low limb mass and long lean legs 
contribute to an improved RE (Tartaruga, Brisswalter, Peyré-Tartaruga, Ávila, Alberton, 
Coertjens, Cadore, Tiggemann, Silva, & Kruel, 2012). Therefore, segmental mass distribution 
may be the main cause for the larger range of RE in endurance (Shaw, Ingham, Atkinson & 
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Folland, 2015). The outcomes from these researchers show that the aerobic needs of 
transporting added weight develop drastically when the weight is situated more distally (Lara, 
Salinero & Del Coso, 2014). Moore, Jones, and Dixon (2013) observed that the aerobic needs 
of transporting additional mass on the body were increased by 1%, though when the same mass 
was transported on the leg, running economy increased by 4%. Additionally, Fletcher and 
MacIntosh (2017) found a superior V̇O  of 4.5% and 14% per kilogram approved for the 
running economy and a 7% rise when mass was distributed on the quadriceps. However, the 
RE of endurance running (ml·kg-1·min-1) at given speed can vary about 30-40% among runners 
(Saunders, Pyne, Telford. & Hawley, 2004) and it appears that more than one-half of this 
variability is related to the percentage of type I (slow twitch) muscle fibres of the vastus lateralis 
muscle and calf muscles (Giovanelli, Tabona, Rejc & Lazzer, 2017). Type I (slow fibres) 
display greater mechanical efficiency which increase the step frequency and running speed. 
Therefore, it is not surprising that elite endurance runners possess a higher percentage of type 
I muscle fibres, given they are more efficient, but it is important to note that with intensity 
interval training, mitochondrial activity can be increased to equally high levels in both fibre 
types (Saunders et al., 2004). 
Thus, with intense endurance training over years, the main functional advantage of type I fibres 
appears to be efficiency when running rather than total oxidative ability. Strategies to enhance 
RE might involve incorporating intense and heavyweight exercises with endurance workouts 
(Berryman, Maurel & Bosquet, 2010). Studies have shown that strength training programs 
enhance running economy meaning oxygen and energy use by 2% to 8%, as well as time trial 
performance by 2% to 5%, which could shave a minute or two off 10 km races (Storen, 
Helgerud, Stoa & Hoff, 2008; Berryman, Maurel & Bosquet, 2010). Storen et al. (2008) took 
their subjects to do intense weight training by means of weights (more than 85% of one 
repetition maximum) to enhance running economy. It was found that the highest volume of 
weight that could be lifted once with fast speed for three or four sets of five or six repeats, 
could improve running economy. In this context, it speculated that resistance training could 
enhance motor control patterns in athletes and might enhance leg stiffness, lower energy 
dissipations and tendinous energy return (Mooses, Mooses, Haile, Durussel, Kaaksik & 
Pitsiladis, 2015). The suggestion is that stiffer muscle tendon structure might improve RE by 
allowing a greater storage and subsequent return of elastic energy during the stretch-shortening 
cycle (Saunders et al., 2004). The low total muscle force generates the needed power so that 
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the lower force per contraction there might be less compression of the microcirculation in the 
active muscle and better distribution of blood flow (Joyner & Coyle, 2008; Mooses et al., 
2015). The results stand in contrast to Storen’s study 2008: the exercise program did not lead 
to improvements in running form but did lead to a moderate improvement in running 
performance. The experimental group dropped their 5 km time by 47 seconds, while the control 
group only improved 17 seconds. Damasceno, Lima-Silva, Pasqua, Tricoli, Duarte, Bishop and 
Bertuzzi (2015) hold the view that three to five sets of three to five repetitions to more than 
90% one-repetition maximum to enhance running economy. They conclude that this type of 
strength training, in contrast with what athletes do, which the sport specific movement may be 
nerving at first, since it is a different biomechanical movement from long-distance athletes’ 
running routine (Piacentini, De Ioannon, Comotto, Spedicato, Vernillo & La Torre, 2013).  
Li, Wang, Newton, Sutton, Shi, and Ding (2019) indicate that a muscular endurance exercise 
programme, which includes various repetitions of a maximal weight and heavy weight training 
(HWT), produce high power output that contributes to muscles strength and power. Evidence 
for RE improvement with HWT is borne out by research that shows a balance of HWT and 
endurance workouts, which improve running performance and enhance the RE in experienced 
triathletes (Vorup, Tybirk, Gunnarsson, Ravnholt, Dalsgaard, & Bangsbo, 2016). The results 
stand in contrast to Storen’s study 2008 study: Støren’s subjects displayed no increase in 
oxygen intake but a 5% increase in running economy and a startling 21% improvement in a 
treadmill run to exhaustion at somewhat faster than 3 km race pace vs. the control group, who 
had no improvement on either mark. Støren et al. (2008) chalk up the improvements to 
increased muscular efficiency. At the conclusion of the study, the strength program group 
displayed a 4% increase in running economy at fast speeds and a smaller, non-statistically 
significant increase in running economy at slower speeds vs. the control group. Just like in 
Støren et al. (2008) these elite runners also were able to generate force more quickly, which 
probably accounts for their improved economy. Millet, Hoffman, and Morin (2012) argue that 
HWT contradicts with what endurance athletes do and strength gain did not always result in 
improved endurance or improved performance; therefore, this does not enhance RE but 
suggested that sport-specific strength training would improve RE. Other authors question the 
usefulness of such a claim (Dumke, Pfaffenroth, McBride & McCauley, 2010; Festa, Tarperi, 
Skroce, Boccia, Lippi, La Torre & Schena (2019). Taking a middle-ground position, Moore, 
Jones and Dixon (2014) claim that the consistency of RE and kilometres run by long-distance 
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athletes is a better indicator of return than maximal oxygen uptake in experienced endurance 
athletes who have a similar oxygen consumption. Hoffman et al. (2010) have shown that 
habitual long-term improvement of endurance exercises has caused an improved RE among 
endurance athletes. Enhancements in RE have been habitually attained by including HWT, 
stretching strategies and aerobic training (Taipale et al., 2013). This progress in RE had been 
hypothesised to be an outcome of improved neuromuscular attributes (Barnes, Hopkins, 
McGuigan & Kilding, 2015). An examination of running kinematics and RE was conducted at 
various percentages of  V̇O  (65%, 75%, and 85% of  V̇O ) on East African and 
European athletes (Santos-Concejero, Tam, Coetzee, Olivan, Noakes and Tucker, 2017), 
splitting 33 athletes into least, middle, and great running economy clusters and stating changes 
among at least two of the individuals for four of 50 kinematic factors. 
They concluded that these methodological improvements suggested that success at endurance 
running was solely dependent on the ground contact time, which may contribute to the 
exceptional RE of Kenyan runners compared to the European athletes. Running at a reduced 
body weight decreases ground reaction force and reduces the impact on the runner’s joints, 
tendons, and ligaments (Raffalt, Hovgaard-Hassen & Jensen, 2013). For instead, research 
suggests that the use of light shoes allows for training at high running speed and an increased 
aerobic stimulus with the lesser demands of metabolic power than normal running shoes (Liu 
& Nigg, 2000; Grabowski, 2010). Biomechanical factors such as ground contact time (Raffalt 
et al., 2013) and vertical displacement could affect RE whereas biomechanics is altered during 
running, thus, may account for the poor RE (Grabowski, 2010). It is now well established from 
a variety of studies that the best athletes with specific physiological characteristics tend to be 
the most economical, and endurance training further improves RE, but it is unlikely of itself, 
improve RE (Barnes et al., 2015; Festa et al., 2019). Santos-Concejero et al. (2017) were not 
alone in this view, literature reports that RE develops with greater load, and prolonged 
endurance workouts add value as a norm to progress RE (Hoogkamer, Kram & Arellano, 2016). 
The main theoretical premise behind RE is that during prolonged exercise the body acquires a 
small amount of energy for a neuromuscular reaction where the perpendicular alternation of 
the athlete decreases (Fletcher, Esau & Macintosh, 2010). Athletes with a high running 
economy are most likely to spend less energy to maintain the race pace throughout the 
competition (Falbo, 2017). The literature on RE indicates that long-distance running could be 
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enhanced by efficient RE. The next section, therefore, moves on to review the ventilatory 
thresholds (VT).  
2.3.3  Ventilatory threshold (VT) 
The relationship between ventilatory thresholds (VT) and performance has been reviewed 
widely, and literature reveals that VT is a significant aspect of performance in endurance sports 
(Vainshelboim, Rao, Chan, Lima, Ashley & Myers, 2017). The first VT1, it is a marker of 
intesnsity that observed in an individuals breathing at point where lactate begins to accumulate 
in the blood. Whereas, the intensity of the exercise start to increase, VT1 identified at the point 
where the breathing rate begins to grow (as defined by Poole and Jones, 2012). An individual 
who is at VT1 can no longer talk comfortably, but can still string together a few work words 
while exercising. The second VT2, it is the higher marker of intensity than VT1. At VT2, lactate 
has quickly accumulated in the blood, and the individual needs to breath heavily. At this rapid 
rate of breathing, the athlete can no longer speak indicating a greater lactate and H+ 
accumulation, which tends to reach a steady state after approximately 20 minutes (Llodio, 
Gorostiaga, Garcia-Tabar, Granados & Sánchez-Medina, 2016). The exercise duration will 
necessarily decrease due to the higher intesnsity level. A novice athlete will reach VT1, VT2, 
and V̇O  at much lower intensities of exercise than an elite athletes (Llodio et al., 2016). 
For example, untrained male cross-country athletes may reach VT1 while just walking. 
Conversely, a trained male cross-country athlete will reach these VT1 markers at a higher 
intensity. For example, the athlete may reach VT1 at a running speed of 16 kilometers per hour. 
The ventilatory thresholds during maximal aerobic exercise minute ventilation (V̇E), measured 
as the amount of air breathed per minute (i.e., 3.31 ± 0.4 L·min-1), increases linearly up to 
approximately 50%-70% of the maximum workload. At about this point, there is an upward 
break in V̇E linearity. This trend continues up to about 85%-95% of maximum aerobic workload 
where a second break in (VT2) occurs (Tjelta, 2016). 
While the experience of the ventilatory threshold is familiar to every runner, the concept of the 
ventilatory threshold is less familiar to the average runner than is that of the lactate threshold. 
During exercise of gradually increasing intensity, the amount of lactate, an intermediate 
product of glycogen (carbohydrate) metabolism, increases in the blood as the muscle burn 
glycogen faster and faster. Then the breathing rate, the blood lactate concentration increases 
gradually for a while and then, at a certain intensity, suddenly increases much more rapidly 
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(Rabadán, Díaz, Calderón, Benito, Peinado & Maffulli, 2011). An athlete with an elevated VT 
can perform at an increased percentage of oxygen consumption ahead of the lactate production 
rate, which surpasses the lactate elimination rate (Capella, Peinado, Moro, Revenga, Esteves 
& Montero, 2018). Theoretically, endurance training improves an athlete’s VT following an 
endurance training programme (Bellinger, Arnold & Minahan, 2019), while at the same time 
possessing a greater tolerance for lactic acid and O2 debts (Tzvetkov, Bonov & Dasheva, 2008). 
The VT1 signifies a quicker  (Pallares et al., 2016) before this intensity, fats are the primary 
energy source, and only a minor volume of lactate is generated. The additional rise in 
ventilation, ventilatory threshold two (VT2), also called respiratory compensation threshold, 
occurs at the point where lactate is swiftly rising (Rosenblat, Perrotta & Vicenzino, 2018). 
Signifies the point at which driving off of the CO2 is no longer sufficient to buffer the increase 
in acidity that rises with an intense workout. 
It must be noted that endurance exercises do not obstruct VT, demonstrating that endurance 
athletes could incorporate more interval workouts as an element of their workout programme 
without an associated reduction in VT (Astorino, deRevere, Anderson, Kellogg, Holstrom, 
Ring & Ghaseb, 2018). Throughout the submaximal exercise, ventilation upsurges linearly 
with V̇O  and CO2 production. At above-average intensities, the rate of breathing develops 
more distinctly and minute ventilation (V̇E) increases unevenly, contributing to the rise in O2 
utilisation (Billat & Koralsztein, 2014). VT2 is a useful interpreter of aerobic exercise 
performance, especially with athletes of a higher V̇O  (Astorino et al., 2018). Studies report 
that throughout vigorous exercise, the breathing rate starts from 12 to 15 breaths per minute at 
the inactive state to 35 to 45 breaths per minute at peak exercise (Vainshelboim et al., 2017). 
In elite athletes, the first ventilatory threshold (VT1) is roughly the maximum intensity that can 
be sustained for three to four hours of workout (Mann, Lamberts & Lambert, 2013) and is very 
close to their competition pace (Metin & Akkus, 2016), while the VT2 is the maximum intensity 
that could be sustained for 30 to 60 minutes in elite athletes (Tzvetkov, 2009; Fernandes-
Nascimento, Augusta-Pedutti Dal Molin-Kiss, Meireles-Santos, Lambert & Pires, 2017). The 
workout intensity can be related to the ability to talk. The first point where it becomes difficult 
to speak approximates the intensity of VT1, and the point at which speaking is not comfortable 
approximates the intensity of VT2 (Wolpern, Burgos, Janot & Dalleck, 2015). In long-distance 
events, the best contestant among competitors with similar oxygen consumption values is 
habitually the individual who can endure the highest percentage of aerobic energy production 
35 
  
and a lesser build-up of excessive amounts of lactate (Jouanique-Dubuis, Stifter, Mathieu, 
Lemoine & Bour, 2018). Stöggl and Sperlich (2015) have shown that VT2 correlates (r >0.9) 
with performance time during the long-distance running of 3.2 km. Furthermore, De Aguiar, 
Salvador, Penteado, Faraco, Pettitt and Caputo (2018) indicate a correlation of VT2 with 
performance time in 5 km, 10 km, and 21 km runs, of r = 0.9, 0.8, and 0.8, respectively. 
Endurance threshold, as shown by either VT1 or VT2, increases with cross-country running 
training and when assessed in the correct workout mode, has been associated with triathletes, 
cycling and running performance in cross-country running (Tucker et al., 2015). 
2.4  Summary 
The reviewed literature suggests that there is an association between the morphological and 
physiological characteristics of athletes during performance. Additionally, there are 
relationships between morphological characteristics of athletes, such as BW, BF%, and 
somatotype, as well as physiological characteristics, such as V̇O , VT and RE, and 
performance. Overall, the literature suggests that, as interventions to improve performance in 
endurance events, runners should focus on cardiovascular fitness, which focuses on building 
lean muscle and challenges the heart and lungs to work harder. Presently, the most prevalent 
issue in researching morphological and physiological characteristics with performance of 
senior male cross-country runners is the lack of data to compare against and therefore, make 
informed decisions. Whilst a variety of the morphological and physiological parameters of 
other sports have widely been studied at both junior (U18), professional and senior levels of 
competitions, reporting all successful prejudiced performance (Wonerow et al. 2017; Gordon 
et al. 2017; Bobbert, Casius, van der Zwaard & Jaspers, 2020). However, it is still not clear 
how some morphological and physiological characteristics of cross-country athletes relate to 
performance. Although different points of view are present between authors, it appears that the 
optimal training regime includes complementary of exercises that add to cross-country 




CHAPTER 3: METHODOLOGY 
3.1  Introduction 
This chapter describes the study design and the study site along with all protocols used to 
determine the morphological and physiological characteristics of senior male cross-country 
athletes. Additionally, this chapter will detail data, analyses and ethical considerations 
implemented in the study.  
3.2  Study design 
A quantitative descriptive study design was used to develop the morphological and 
physiological profiles of senior male cross-country athletes.  
3.3  Site of the study 
The study was conducted/completed at the University of Johannesburg Centre for 
Interdisciplinary Sport Research in Gauteng province, South Africa. The laboratory was air-
conditioned and kept at 20 °C for all trials. 
3.4  Selection of subjects and data collection 
Purposive sampling was applied. Forty, senior male, cross-country athletes, aged between 20 
and 35 years old who were competing in the Central Gauteng Provincial Cross-Country 
Championships and Athletics Gauteng North Provincial Cross-Country Championships, were 
invited to participate in this study. The 40 subjects were recruited using email advertisements 
requesting healthy senior male cross-country athletes to participate in the research. Those who 
agreed, completed informed consent forms (Appendix A). The study was approved by the 
institutional review board for use of human subjects at the University of Johannesburg, South 
Africa, and ethical clearance number (REC-01-07-2017) was granted prior to proceed with the 
research study (Appendix H). All athletes were informed about what the study entailed, 
including the risks and benefits of participation. Participants had to satisfy the inclusion and 
exclusion criteria.  
3.5  Inclusion criteria 
This study included only senior male cross-country runners who participated in the Central 
Gauteng Provincial Cross-Country Championships and Athletics Gauteng North Provincial 
Cross-Country Championships, aged 20-35 years old, actively involved in training, free from 
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injury and willing to come to the laboratory for testing and signed the physical activity 
readiness questionnaire. The subjects were asked to record their training units, showing 
duration in minutes and distance in kilometres, until the start of the laboratory test. The 
investigator provided an electronic file in which the subjects could insert each training unit 
with distance, duration, and speed expressed in km/hour. The investigator then calculated the 
mean weekly hours, mean weekly kilometres run, and the mean speed per discipline during 
training in the preparation. In addition, the subjects reported their personal best 10 km time in 
cross-country, defined as the fastest cross-country race time ever achieved beforehand 
independent of the racecourse and environmental conditions. The athletes and the researcher 
were in WhatsApp contact between recruitment and laboratory test. 
3.6  Exclusion criteria 
Individuals who were ill, injured and not participating in the Central Gauteng Provincial Cross-
Country Championships and Athletics Gauteng North Provincial Cross-Country 
Championships were not included.  
3.7  Testing procedures 
Data were collected experimentally and by using a self-administered questionnaire. The 
questionnaire included questions related to socio-demographic characteristics; and the medical 
and training status of the runners’ data (Appendix B). The morphological characteristics and 
physiological characteristics data were gathered through direct testing of each participant as 
explained above. All participants were informed and familiarised with all experimental 
procedures.  
3.7.1  Morphological characteristics 
3.7.1.1  Stature 
Stature was determined by using a steel anthropometry stadiometer (Seca 213 Hamburg, 
Germany) for all participants as described by ACSM et al. (2019). The athletes wore running 
vests and poly-shorts, but no shoes. All the measurements were recorded by the same person. 





3.7.1.2  Body weight 
Body weight was determined using a calibrated scale (Seca Robusta 813, Hamburg, Germany) 
as described by ACSM et al. (2019), preferably 3 to 4 hours post-prandial. The athletes wore 
running vests and poly-shorts, but no shoes. All the measurements were recorded to the nearest 
0.1 kg.  
3.7.1.3  Skinfolds thickness 
Skinfolds were assessed by determining the thickness of the subcutaneous fat of the seven 
anatomical sites (triceps, biceps, subscapular, supra-iliac, abdominal, seated mid-thigh and 
seated mid-calf) using a Harpenden skinfold calliper (Model Calliper GMP; Siber Hegner 
Maschinen AG, Zürich, Switzerland). This was recorded to the nearest 0.1 mm according to 
the method described by ACSM et al. (2019). All measurements were recorded three times on 
the athlete’s right side except for the abdominal skin fold, which was measured on the athlete’s 
left side.  
 The triceps skinfold was measured between the mid-acromial radial of the shoulder and the 
elbow (midway and on the posterior surface).  
 The biceps skinfold was measured on the anterior surface of the arm, midway between the 
mid-acromial radial of the shoulder and the elbow. 
 The subscapular skinfold was measured underneath the inferior angle of the scapula with 
the fold in an oblique plane laterally (outwards) and downwards at an angle of 
approximately 45º to the horizontal.  
 The supra-iliac skinfold was measured 5 cm from the iliac crest with the fold oblique, 
descending medially (inwards) and downwards at an angle of about 45º to the horizontal.  
 The abdominal skinfold was measured in a vertical plane 5 cm to the left of the athlete’s 
umbilicus.  
 The thigh skinfold was measured at the mid-point from the hip (seated position) to the knee. 
The site is marked parallel to the long axis of the thigh at the mid-point of the distance 
between the inguinal fold and the superior margin of the anterior surface of the patella while 
the leg is bent.  
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 The calf skinfold was measured on the medial point of the calf and marked with an 
intersecting vertical line.  
3.7.1.4  Body fat percentage 
The body fat percentage was determined using conventional protocols according to the method 
of American College of Sports Medicine as described by ACSM et al. (2019), where the sum 
of skinfold sites is in millimetres (mm) and body weight in kilograms (kg).  
Body fat percentage = (Skinfolds  x 0.1051 + 2.585)
 
 
3.7.1.5  Lean body mass  
This was calculated as total weight minus fat mass  (LBM = Weight − FM). 
3.7.1.6  Determination of a somatotype 
Somatotype was determined by assessing body stature (cm) with variation of using a 
stadiometer (Seca 213 Stadiometer, Hamburg, Germany), body weight (kg) a calibrated scale 
(Seca Robusta 813, Hamburg, Germany), and anthropometric tape according to the methods 
described by Powers (2014), and Carter, Auckland, Kerr & Stapff (2005). A correction was 
made for clothing so that nude weight could be used in subsequent calculations. Somatotype 
∑4 skinfolds: (triceps mm, subscapular mm, supraspinal mm, and seated medial calf mm) 
(Harpenden/Idass Skinfold Callipers, Harpen, UK) were taken to the nearest 0.1 mm. A sliding 
calliper (Harpen, UK) was used to measure the width of the two joints (bi-epicondylar, bi-
condylar) and recorded to the nearest 0.1 cm. The two girths of the circumference of the flexed 
bicep (cm) and the standing medial calf (cm) were measured by using the two-pack retractable 
black measuring tape (China) and recorded to the nearest 0.1 cm. All the measurements were 
recorded in the measurements list. The data were entered into equations derived from the rating 
form ectomorphy, relating to the relative fatness or relative thinness (slimness) of a participant. 
The degree of endomorphy reflects the amount of subcutaneous fat and is placed on a 
continuum from the lowest to the highest values. Mesomorphy relates to the relative muscular 
and skeletal development relating to body height.  
The equations, according to Carter et al. (2005): 
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Endomorphy = −0.7182 + 0.1451(x) − 0.00068 √x + 0.0000014 √x (0.0000014)  
Mesomorphy = (0. HB + 0.601FB + 0.188 CAG + 0.161 CCG) − (0.131 H) + 4.5 
Ectomorphy = If HWR 40.75, then Ectomorphy = 0.732 HWR − 28.58 If HWR
< 40.57 and > 38.25, then Ectomorphy
= 0.463 HWR − 17.63 If HWR 38.25, then Ectomorphy




3.7.2  Physiological characteristics  
3.7.2.1  Maximal oxygen consumption (?̇?𝑂 )  
Participants were requested to refrain from any strenuous exercise 48 hours prior to testing 
(Esteve-Lanao et al., 2019). The V̇O  was assessed with a metabolic analyser (Metalyzer 
3B-R2, Cortex Biophysik, Germany) set to record breath-by-breath analysis averaged into 10-
15 second intervals interfaced with a Woodway Pro treadmill (Woodway, Waukesha, 
Wisconsin: USA). Heart rate was measured with a heart rate monitor (Polar RS100, Electro, 
Finland). The devices were calibrated and synchronised according to the manufacturer’s 
specifications. Volume and gas calibration were performed in accordance with manufacturer’s 
guidelines prior to the start of each test. Gas calibration was implemented against known 
quantities of gas (4% CO2, 6% O2) to produce a < 1% error. All participants performed a warm-
up at a self-selected pace (not greater than 8 km·hr-1) for no longer than 10 minutes and five 
minutes passive rest prior to the commencement of testing. The maximal oxygen test 
commenced with a zero-degree gradient and starting treadmill speed of 8 km·hr-1. The speed 
of the treadmill was continuously increased by 0.5 km·hr-1 every 60 seconds until the athlete 
could no longer maintain the pace of the treadmill (Wilmore, Costill & Kenney, 2017). Expired 
air was continuously sampled, the volume of oxygen consumed (V̇O ), carbon dioxide 
produced (V̇CO ), minute ventilation (V̇E) and the (RER), and was averaged into 15-second 
intervals by an online computer system. When the athlete’s heart rate levelled off, before the 
end of exercise intensity on the value of 95% of the anticipated maximum heart rate (208 − 0.7 
× age) and his RER greater than 1.0, the detected V̇O  was recorded as V̇O . Heart rate, 
RER and V̇O  were recorded during the last 30 seconds of each 60-second work increment. 
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V̇O  was defined as the highest 30 seconds average V̇O  during the test. V̇O  was 
considered to have been achieved if there was no increase (100 ml·kg-1· min-1) in V̇O  with an 
increase in treadmill slope or if two of the following occurred: RER exceeded 1.00, subjects 
reached their age-predicted maximal heart rate (208 − 0.7 × age) (Tanaka & Seal, 2001). When 
an athlete was unable to complete a treadmill speed stage, the speed of the immediately 
preceding completed work stage was recorded as the peak treadmill running speed. Breath-by-
breath data were averaged to 60 seconds and then exported into Statistical Package for Social 
Sciences (SPSS, v.21; IBM Corporation, Armonk, NY, USA) for Windows and Graph Pad 
Prism v.7 (Graph Pad Software, Inc., La Jolla, CA, USA) at the University of Johannesburg 
reporting template for V̇O  tests.  
3.7.2.2  Running economy (RE) 
Running economy (mlO2·min 1) was determined according to the method described by Julio, 
Panissa, Shiroma and Franchini (2017). On a separate day, each subject’s RE was determined. 
The subjects were reminded of the same pretesting instructions as for the first testing session. 
After a warm-up period of 10 minutes at a running speed of 8 km·hr-1. The subjects ran four 
different speeds for four minutes on a treadmill started at the speed assumed to represent 85% 
of their 𝑠V̇O   values corresponding between 12 km·hr-1 and 19.2 km·hr-1, which was held 
for four minutes. For each speed, the breath-by-breath V̇O  values were averaged every 30 
seconds. Steady state was defined as an increase of < 100 ml O2 over the final 2 min of each 
stage. In the one case for which the difference was > 100 ml O2, the stage was continued for 
another 30 seconds, which resulted in a confirmed steady state. The  V̇O  over the final 2 
minutes was taken as the steady state  V̇O  for that speed. The athletes completed a submaximal 
run of four minutes duration, at 12 km·hr-1, 14.5 km·hr1, 16km·hr-1 and 19.2 km·hr-1, 
respectively, with a three-minute rest between tests. For each of the four-minute stages from 
there on, the speed was increased by 0.5 km/h after subjective evaluation. Every four minutes 
after the first two stages, the speed was increased by 0.5 km/h. The V̇O  and HR were measured 
during the fourth minute of every work period. All four submaximal tests were conducted on 
the athletes’ second visit to the laboratory. The values obtained for an individual athlete 
indicated that they were all in a steady state for the four collections at each speed. The mean of 
all four collections was taken as the aerobic requirement. No RER exceeded 1.00. A running 
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economy value was calculated for each stage of the assessment using the formula as described 
by Wilmore et al. (2017). 
RE(ml ∙ km )
= V̇O
 
 at the treadmill speed − V̇O  at rest
÷ V̇O  in ml · kg − 1 · min
− 1; running velocity (km · min − 1) 
 
3.7.2.3  Ventilatory threshold  
The ventilatory thresholds were determined from the time course curves of VT1/?̇?𝑂  and 
VT2/V̇O  by the V-slope method (Bozzin et al., 2019). V1 corresponded to the last point before 
a first non-linear increase in VT1. The shorter single stage tests of highest sustainable intensity 
to estimate the HR response at VT2 was used. The estimate that the corrected HR response 
would be equivalent to approximately 95% of the 15 minutes to 20 minutes HR average HR at 
VT2 would be 160 bpm (168 bpm x 0.95). VT2 corresponded to the last point before a second 
non-linear increase in both VT1 and VT2/V̇O , accompanied by a non-linear increase in 
VT1/V̇CO . This point was plotted and determined by the metabolic analyser (Metalyzer 3B-
R2, Cortex Biophysik, Germany) software and observed by the primary researcher. The gas-
exchange measurements were used to quantify the first ventilatory threshold (VT1), second 
ventilatory threshold (VT2), and maximal oxygen consumption (V̇O ). VT1 was defined as 
the intensity at which an increase in V̇E/V̇O  occurred without an increase in V̇E/V̇CO . VT2 
was identified as the intensity at which V̇E/V̇CO  also began to rise (Stanula, Gabrys, Szmatlan-
Gabrys, Roczniok, Maszczyk & Pietraszewski, 2013). V̇O  was defined as the highest 
average oxygen consumption measured during a 30 second period. Heart rate was recorded 
continuously via telemetry (Polar s810i, Finland) for the determination of heart rates 
corresponding to VT1, VT2, and V̇O . The following criteria were required for the 
attainment of V̇O : a plateau in V̇O  values despite increasing workload, RER ≥1.00, or the 
attainment of 95% of the age-predicted maximum heart rate (HRmax) (Tanaka & Seal, 2001). 
The morphological and physiological characteristics were determined from the time course 
curve of morphological and physiological characteristics by a second independent operator. 
The first and the second VT (VT1 and VT2, respectively) were set at the points of maximum 
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agreement of the most common methods of assessment. VT1 was calculated according to the 
V-slope method, where VT1 is the break point of the VCO2-VO2 relationship, as the first 
exponential increment in ventilation, and as the first rise in V̇E·VO2-1 without increments in 
V̇E·VCO2-1. VT2 was determined as the second rise in ventilation and as the intensity that 
accompanied a second rise in V̇E·VO2-1 with a concurrent rise in V̇E·VCO2-1. The first VT1 and 
second VT2 was recorded as a value of V̇O  and expressed as a percentage of V̇O . If the 
VT1 and VT2 were not achieved, the test was continued through the successive stages, repeating 
the protocol at each stage until VT1 and VT2 were reached. Once the HR at VT1 and VT2 was 
identified, the cool-down phase was initiated, which ended when the warm-up intensity was 
achieved. The test was conducted on two separate occasions with the same exercise modality 
to determine an average VT1 and VT2 and HR.  
3.8  Data analysis 
The relationships between the morphological and physiological responses and performance 
measures were analysed for normality before statistical analyses were performed. Analysis of 
the data was completed using Statistical Package for Social Sciences (SPSS, v.21; IBM 
Corporation, Armonk, NY, USA) for Windows. Data were screened for normality of 
distribution and homogeneity of variance using the Shapiro-Wilk test. Group means and 
standard deviations (SD) were used to characterise the participants according to their 
morphological and physiological characteristics. Analysis of the association between training 
and physical characteristics was done using Pearson’s correlation coefficients. Additional 
analysis of the groups (t-tests) was performed to assess the differences in physiological and 
morphological characteristics of the participants based on the duration of daily training 
sessions. Differences between groups were evaluated using Student’s t-test for independent 
variables. The probability of a type I error (alpha) was set at 0.05 in all statistical analyses. The 
probability of a type II error (beta) was controlled using post hoc (retrospective) analysis and 
was set at 0.2 (conventional value). Moreover, the effect size between the means of the screened 
groups was assessed using Cohen’s coefficient of effect size “d”. It was calculated as the 
difference of the means of the compared variables and divided by a “pooled” standard deviation 
(Yun & Case, 2020). The coefficient was assessed as follows: being of a weak, moderate, or 
strong effect size (r ≤ 0.10, r = 0.3, and r ≥ 0.5, respectively) (Yun & Case, 2020). Correlations 
between the morphological and physiological measurements were determined using Pearson’s 
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correlation. Significant differences in morphological and physiological characteristics after the 
aerobic treadmill test were evaluated using a mixed model of analysis of variance for repeated 
measurements (ANOVA 2x3), which compares the variance of within-group effects (time) and 
the between group effects (age).When the criterion of sphericity as one of the conditions  of  
ANOVA,  which  was  assessed  using  Mauchly’s test (χ2), was not met, the degrees of freedom 
were adjusted by means of Greenhous-Geisser’s (GG)  sphericity  correction,  and  then,  the  
statistical significance was assessed according to particular degrees of freedom. Rejection of 
the null hypothesis was assessed at the level of p<0.05. The effect size was evaluated using the 
“Eta square” coefficient (η2), which explains the proportion of the variance of the monitored 
factor. An a priori power analysis indicated that the minimum sample size required to detect a 
change in the coefficient of determination between models of large effect size (Cohen's f2, 
0.35), and with at least 80% statistical power, was 28 subjects (Notley, Park, Tagami, Ohnishi. 
& Taylor, 2016). Therefore, with the current sample (n = 40), these regression analyses were 
adequately powered (>80%) at the large-effect-size level.  
3.9  Ethical consideration 
The study was approved by the Higher Degrees Committee (Appendix G) and Ethics 
Committee of the Faculty of Health Sciences (Appendix H) at the University of Johannesburg. 
All participants were provided with an information sheet (Appendix A) describing the 
procedures of the study as well as the invitation to participate in the study. This form provided 
information on the significance of the study and the participants signed the consent forms. All 
participants were invited to fill in the demographic questionnaire (Appendix B), physical 
activity readiness questionnaire (Appendix C), test data sheet (Appendix D), anthropometry 
data sheet (Appendix E), and medical screening questionnaire (Appendix F). The ethical 
principles of autonomy, beneficence, no maleficence, and justice (Dhai & McQuoid-Mason, 
2011) were adhered to throughout the research process.  
3.10  Validity and reliability 
Data reliability was assessed using test and retest protocols. In a comparison of the distributions 
of two independent measures on the same subject, the means did not differ significantly, and 
the Pearson correlation coefficient (r) was above 0.90. For example, in height and weight, the 
test and retest values were r = 0.98, for girth diameters r was 0.92, for skinfolds (r’s) ranged 
from 0.90 to 0.98. 
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CHAPTER 4: RESULTS 
4.1 Introduction 
The aim of the present study was to analyse the relationship between morphological and 
physiological characteristics with the performance of senior male cross-country athletes in 
Gauteng province, South Africa. This chapter will present morphological and physiological 
descriptors of the sample as well as the descriptive values for physiological and morphological 
characteristics based on the duration of daily training sessions of the athletes. Finally, a 
correlation matrix between morphological and physiological variables will be presented. 
4.2  Demographic and morphological characteristics data reported for 40 athletes. 
Table 4.1 presents the results obtained from the preliminary analysis of demographic and 
morphological characteristics of the cross-country athletes as mean ± standard deviation. It is 
apparent from Table 4.1 that the participants were younger (24.05 ± 4.45 years), slightly tall 
(173.22 ± 0.06 cm) and lean (63.05 ± 6.56 kg) compared to average male runners. All seven 
skinfold thickness measurements presented in Table 4.1 were smaller on average, especially 
the seated medial thigh, seated medial calf skinfolds. In addition, these participants were low 
in BF% (8.04 ± 2.68 %) level.  
Table 4.1: Description of the demographic and morphological characteristics data 
reported for 40 athletes. 
Factors Mean±SD 
Age (years) 24.05±4.45 
Stature (cm) 173.22±0.06 
Body weight (kg) 63.05±6.56 
Skin fold thicknesses  
Triceps (mm) 5.95±1.30 
Subscapular (mm) 7.48±1.01 




Suprailliac (mm) 5.20±1.29 
Abdominal (mm) 7.63±1.48 
Seated medial thigh (mm) 5.55±1.45 
Seated medial calf (mm) 4.40±1.65 
∑7 skinfolds (mm) 34.12±4.16 
Body fat percentage (%) 8.04±2.68 
Lean body mass (kg) 59.24±6.09 
 
According to (Table 4.2) the central and dispersion parameters of the anthropometric 
measurements which were used to determine the somatotype of the senior male cross-country 
athletes. From the table we can see that the circumference and girths values of the athletes are 
smaller, and greater for the cross-country athletes, especially the four skinfolds (triceps mm, 
subscapular mm, supraspinal mm, and seated medial calf mm). A further analysis of the 
presented parameters of the senior male cross-country runners were homogeneous group in 
terms of somatotypes, which are dominated by the ectomorphic type. 
 
4.3 Determination of somatotype variables 
Table 4.2: Average somatotype of senior male cross-country runners 
Sample Athletes 
Endomorphic 1.80 (± 0.33) 
Mesomorphic 1.40 (± 0.54) 
Ectomorphic 2.80 (± 0.51) 




2 Joints (cm)* 8.36 (±0.42) 
2 Girths (cm)** 27.04 (±5.05) 
Somatotype Ectomorphic 
Note: *Two joints measured in (cm)- bi-epicondylar and bi-condylar. **The two girths 
measured in (cm) bicep and standing medial calf. ∑4 skinfolds: (triceps mm, subscapular mm, 
supraspinal mm, and seated medial calf mm). 
 
4.4  Training descriptor for 40 senior male cross-country athletes 
The training variables for the cross-country athletes, based on their responses to the 
questionnaire, are presented in Table 4.3. The participants were well experienced (6.13 ± 2.40 
years competing) with long hours of training per week (30.75 ± 3.31 hr) and have competed at 
national and international competitions. The mean scores for personal best records for 10 km, 
minutes spent training per daily session, duration of tempo run, minutes spent on long runs, 
fartlek and interval intensity are reported in Table 4.3. These training variables’ mean scores 
are low as compared to years of training related. 
Table 4.3: Comparison of mean self-reported training descriptor for 40 cross-country 
athletes by the frequency questionnaire 
Factors Mean±SD 
Personal best records 10 km (min) 39.78±1.51 
Average 10 km running speed (km/h) 16.24±1.70 
Years of competition (years) 6.13±2.40 
Months of competition per year (months) 4.63±1.33 
Hours per session daily (hours) 4.40±1.76 




Intensity of tempo run (min) 3.38±0.49 
Minutes of long run (min) 75.63±31.81 
Duration of tempo run (min) 25.45±7.07 
Interval’s intensity (min) 3.55±0.55 
Fartlek intensity (min) 3.35±0.48 
 
The respiratory data, presented in Table 4.4, show that the participants had lower V̇O  levels 
(absolute and relative) and V̇O  at VT compared to average runners. The participants’ mean 
maximal RER was higher (1.23 ± 0.23), which indicates a maximal V̇O  was probably 
achieved. A further analysis shows greater breathing rate the volume of air breathed per minute 
V̇E, inhaled oxygen and exhaled carbon dioxide during experimental running. 
4.5  Respiratory characteristics of cross-country athletes 
Table 4.4: Respiratory characteristics of cross-country athletes 
Physiological characteristics Mean±SD 
VO2max (mlO2·kg -1·min -1) 63.50±14.06 
Ventilatory Thresholds (L/min-1) 2.95±0.53 
Respiratory Exchange Ratio 1.23±0.23 
O2 inhaled V̇E/VO2 (L/min) 42.10±14.98 
CO2 exhalation V̇E/VCO2 (L/min) 36.30±13.14 
Breath rate V̇E (L/min) 151.32±25.85 
A second analysis of running performance, namely running economy, was conducted. The 
results from this assessment are presented in Table 4.5. Data shows descriptive statistics of the 
participants at each running speed (12 km·hr-1: 39.78 ml·kg-1·min-1, 14.5 km·hr-1:32.80 ml·kg-
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1·min-1, 16 km·hr-1: 41.70 ml·kg-1·min-1 and 19.2 km·hr-1: 30.60 ml·kg-1·min-1). The subjects 
averaged 39.78±1.51 minutes on the 10 km runs, 63.50 ml·kg-1·min-1 for V̇O , and 56.00 
ml·kg-1·min-1 for steady state O2 running at 16 km·hr-1. Overall, four stages of running 
economy were calculated for each cross-country athlete. These data show that the current 
sample could attain their highest percentage of V̇O , and they were economical running at 
a pace that approximated their race pace. The observed trend within the data of these 
participants reveals that they have a much higher relative V̇O  and a lower fractional 
utilisation of oxygen at 19 km·hr-1. Also indicates a more highly developed cardiorespiratory 
system and suggest that among trained and experienced runners with similar V̇O , can 
account for a large portion of the variance in performance during a 10 km race. 
4.6  Running economy test for senior male cross-country athletes 
Table 4.5: Assessment of running economy in cross-country athletes.  
Running economy (ml·kg-1·min-1) Mean±SD  
Personal best records 10 km (min) 39.78±1.51 
4th minute O2 @12 (km·hr -1) 32.80±1.10 
4th minute O2 @14.5 (km·hr -1) 41.70±1.60 
4th minute O2 @16 (km·hr -1) 56.00±60.80 
4th minute O2 @19.2 (km·hr -1) 30.60±5.70 
A correlation matrix was calculated between all anthropometric and physiological variables. 
The results are presented in Table 4.6. There was a strong positive correlation between height 
and weight (r = 0.652, p = 0.01) as well as a weak correlation between BF% and height (r = 
0.382, p = 0.05). In addition, there was a positive correlation between BF% and body weight 
(r = 0.575, p = 0.01). The correlation between HRmax and age (r = -0.671, p = 0.01) as well as 
between HRmax and RE (r = -0.434, p = 0.01) was negative. The correlation between HRmax and 
RE was weak (r = 341, p = 0.05). There was also a weak negative correlation between VE/VO2 
and weight (r = -0.368, p = 0.05) as well as year of competition and speed (r = -0.398, p = 
0.05), but a moderate positive correlation between years of competition and age (r = 0.536, p 
50 
  
= 0.01). Furthermore, there was a weak correlation between years of competition and BF% (r 
= 0.327, p = 0.05) as well as years of competition and HRmax (r = 0.359, p = 0.05). Similarly, 
there was a weak positive correlation between minutes spent per session during daily training 
and 10 km speed (r = 0.313, p = 0.05).  
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4.7  Correlation between physiological and morphological parameters related to performance variables 
Table 4.6: Correlation matrix (Pearson correlation) of physiological and morphological parameters related to performance 
*Correlation is significant at the 0.05 level. 















































































































































Weight (kg) .652** 1                             
Age (yrs) 0.085 0.112                             
Fat percentage (BF%) .382* .575** -0.008                           
VO2max (ml·kg˗1·min˗1) 0.281 0.071 0.154 0.040                         
Ventilatory Threshold (mmol·L-1) -0.037 0.207 0.121 -0.142 -0.053                       
Running Economy (L/min-1) -0.053 -0.230 0.218 -0.105 -0.070 0.061                     
Maximum Heart Rate (bpm) -0.011 0.037 -.671** 0.016 0.108 0.006 -.434**                   
Respiratory Exchange Rate  -0.009 0.158 .341* 0.277 0.019 0.133 0.040 0.187                 
Running Speed (km/h) 0.164 0.231 0.023 0.181 0.106 -0.004 -0.076 -0.178 -0.022               
Max O2 consumption VE/VO2 (L/min) -0.295 -.368* -0.077 0.113 0.014 0.047 -0.139 -0.133 0.056 -0.064             
CO2 exhalation VE/VCO2 (L/min) -0.185 -0.259 -0.057 0.125 -0.019 0.102 -0.050 -0.013 0.022 -0.029 0.021           
Lung capacity VE (L/min) -0.246 -0.055 0.288 -0.029 -0.217 -0.045 -0.050 0.036 -0.155 0.026 -0.108 -0.141         
Personal best 10km (min) -0,054 0.006 0.175 -0.149 0.022 -0.142 -0.229 0.001 0.242 -0.151 0.248 0.258 0.211       
Year of competing (yrs) -0,061 -0.110 .536** .327* -0.049 -0.092 0.232 .359* -0.292 -.398* -0.191 -0.081 0.043 -0.142     




4.8  Group comparison of physiological and morphological characteristics of the 
 athletes 
A final analysis of the data was a comparison between two distinct groups based on their 
average training session duration. The participants in this study were each divided evenly into 
two groups based on the duration of training per daily session, which is <45 minutes and >45 
minutes during training. The <45-minute group consisted of 20 runners and the >45-minute 
group consisted of 20 runners. A T-test equal variance was used to compare the two groups 
according to the duration of training per daily session, which is <45 minutes and >45 minutes 
from the studies found in the literature review that had similar data collection methods 
(Doherty, Keogh, Davenport, Lawlor, Smyth. & Caulfield, 2020). The results of these tests are 
reported in Table 4.7. There were no significant differences in stature (p = 0.118), age (p = 
0.293), VT (p = 0.073) and personal best performance in the 10 km test (p = 0.381) between 
the two groups. Also, Table 4.7 reveals that the <45-minute group were younger (22.88  3.02), 
shorter in stature (1.66  0.06), weighed more (64.46  8.00), had a higher BF% (6.27  0.57) 
and a lower V̇O2max than the >45-minute group. There were significant differences in weight 
(p = 0.028) and BF% (p = 0.030) between the two groups (Table 4.7). Specifically, the 
participants who had longer training durations were lighter and leaner. 
Table 4.7: Descriptive values for physiological and morphological characteristics based 
on duration of daily training sessions of the athletes 
 
4.9 Summary 
The results obtained show there was a relationship between some morphological and 
physiological parameters of the participants with performance. Additionally, differences in 



















best 10 km 
(min) 
≤45 1.660.06 64.468.00 22.883.02 6.270.57 68.1216.06 3.030.58 33.002.22 
>45 1.710.05 60.446.39 26.215.29 5.950.38 70.0713.47 2.800.44 33.502.18 
p-value 0.118 0.028* 0.293 0.030* 0.688 0.073 0.381 
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>45-minute groups. The next chapter will discuss these findings in the context of current 
literature. Statistical examination of the data supports the view that the better senior male cross-
country runners have low BW, BF% and high lean body mass and are lighter and more linear, 
they train more regularly, run a greater volume of km per week and have been running longer 





CHAPTER 5: DISCUSSION 
5.1  Introduction 
This descriptive study used Gauteng province senior male cross-country athletes who trained 
regularly for their competitions and have competed from club to international level. The 
primary aim of this study was to determine the relationships between morphological and 
physiological characteristics with the performance of senior male to cross-country runners. 
Contrary to popular belief, there is no perfect physiological and morphological characteristics 
for athletics performance. In fact, the ideal physiological and morphological characteristics is 
directly related to the physical demands of the sport. For example, athletes who need both 
endurance and power to perform better in sport tend to have a lower BF%, higher V̇O  as 
well as more lean muscle mass. Greater body mass also increases inertia, making athletes 
harder to move, which can negatively impact cross-country running. On the other hand, lower 
BF% and strength-to-mass ratio can be vastly more beneficial for power and speed endurance 
performance. 
Thus, the morphological and physiological characteristics also vary between sports and 
competition level. The findings of the study point to a strong correlation between 
morphological and physiological characteristics and performance (i.e., 10 km running time). 
As explained in Chapter 2, competitive performance in cross-country running relies on the 
presence of  morphological characteristics (BW, stature, the sum of skinfolds, lean body mass, 
and somatotype), as well as on the physiological characteristics, such as V̇O , VT1 and VT2 
and RE. Gómez-Molina, Ogueta-Alday, Camara, Stickley, Rodríguez-Marroyo, García-López 
(2017) and Mooses et al. (2013) demonstrated mean values for age (21.4 ± 5.4, 22.6 ± 3.8 
years), body weight (61.5 ± 11.3, 62.0 ± 11.4 kg), height (161 ± 0.1 cm, 168 ± 0.2 cm), BF% 
(6.94 ± 0.99 %, 6.67 ± 0.87 %), and lean body mass (47.5 ± 5.3, 49.2 ± 6.2 kg) respectively. 
An initial objective of cross-country running is to move the body over a distance in the least 
amount of time; the result which is enhanced by morphological characteristics and 
physiological characteristics. As shown in the literature review, the morphological and 
physiological characteristics of cross-country athletes are mostly from European, North 
American, West African, and East African elite athletes, and partially from Southern Africa. 
In cross-country running, it is possible to have a reliable estimate of morphological and 
physiological performance.  
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5.2  Demographics and morphological characteristics for cross-country athletes  
Morphological factors, such as age, stature, BW, LBM and BF%, are generally known to 
enhance performance in competitive cross-country running (Lukaski, 2017). A study by Allen 
and Hopkins based on the age of the world record holder revealed that for all men’s running 
events, the age of maximum performance increases with distance. Allen and Hopkins (2015) 
reported ages for the men for middle distance; (27.6 ± 2.1 years to 30.1 ± 3.7 years) for long 
distance runners. The current investigation shows somewhat different trends and patterns to 
both Allen and Hopkins and to Haugen, Solberg, Foster, Morán-Navarro, Breitschädel and 
Hopkins (2018). The age at which senior male cross-country runners achieved in this data is 
similar to that of Allen and Hopkins. However, both Haugen’s et al. (2018) and Allen and 
Hopkins’s (2015) premise that mean age for running performance increases with the length of 
the race was not supported by the current results. The present study showed the opposite for 
the 10 km cross-country running performance, whereby the age mean value for male 10 km 
runners (24.05 ± 4.45 years) was three years younger compared to that for the previous male 
10 km runners (27.6 ± 2.1 years to 30.1 ± 3.7 years). 
The average age of the athletes in the present study was 24.05 ± 4.45 in years. Haugen, Solberg, 
Foster, Morán-Navarro, Breitschädel, and Hopkins (2018) reported peak performance in the 
late twenties. The reason could be experience, because we know physiological parameters may 
peak or at least plateau at this time but it is worth to note that other factors such as RE can have 
an impact. On the longitudinal study by Hollings and colleagues (2014) found that age peak 
performance for men 10 km runners range from 23.9 ± 2.4 years. Also, this might suggest that 
these runners have a high level of commitment to their sport and long-term training. In this 
study, the age group varies from 20 to 35 years and was younger, which is not in accordance 
with previous studies that showed an older age group (Zillmann et al., 2013). The present study 
is in accordance with Celie and Floorje (2010) Rabadan et al. (2011) who found that runners 
on the 10 km race performance decrease at a rate of about 0.5% per year but higher than the 
decrease observed in the Dutch road runners with mean value Loftin, Sothern, Kross, Tuuri, 
Vanvranken, Kontos and Bonis (2007) at a younger age were likely to run faster times than 
older runners. This could be the result of older athletes running at a higher percentage of their 
V̇O  than younger runners, even though they might have the same RER. This trend was shown 
in male endurance runners Gries et al. (2019) observed a higher running velocity and V̇O  in 
older runners than in younger runners. Maximal heart rate is a function of age (208 − 0.7 × 
56 
  
age). The current athletes averaged 191.00 ± 7.58 beats·min-1 maximal heart rate (HRmax). This 
is significantly higher than the athletes’ average age predicted HRmax of 185.1 ± 1.8 bpm. 
Younger runners attained HRmax at race pace higher than that of the older runners, which could 
thus be attributed to maximal cardiac output increasing with younger age. Therefore, due to 
maximal HRmax decrease and running at a higher percentage of V̇O  by the older runner 
than their counterparts could be the reason of being outperformed during competition. This is 
consistent with Vorup et al. (2016) who observed that V̇O  is affected by age and that fitness 
levels drop with maturation. 
Looking at the athletes’ stature, the present results indicate that the effect of stature on 
performance in endurance cross-country running is measurable. The sampled athletes were 
shown to be slightly shorter (173.0 cm: 63.05 kg vs 175.22 cm: 63.55 kg) compared to national 
Iranian cross-country runners and similar in BW on average. Compared to the Croatian long-
distance athletes (5000 m and 10000 m: 176.9 cm) Vučetić, Matković and Šentija (2008), 
Gauteng senior male cross-country runners had a shorter stature. While Serbian’s top long-
distance runners were on average 170.6 cm tall Šolaja, Milankov, Pejaković and Stokić (2017), 
the senior male cross-country runners of Gauteng were taller on average. Gauteng senior male 
cross-country runners, compared with Ethiopian runners, were a little taller and which was also 
the case comparing to top distance runners (168,2 cm: 58.5 kg) (Mooses & Hackney, 2017). In 
the present study, the stature of cross-country runners was taller, probably because Gauteng 
senior male cross-country runners consisted of mainly 5 km and 10 km runners, whose body 
structure is more like marathon runners. Knechtle et al. (2011) investigated the anthropometric 
attributes of the most successful world-class endurance athletes and concluded that male 
athletes should be lean, muscular, and tall. It is evidence that taller athletes, to some extent, 
have a better advantage than their shorter counterparts because of the stride length and when it 
comes to top speed. The current results are in accordance with previous studies, which showed 
taller athletes were to some extent more advantaged than shorter runners (Bukhala & Kweyu, 
2017). Their slim limbs may positively contribute to performance by having a low moment of 
inertia and requiring less muscular effort in leg. However, being taller may be a disadvantage 
due to muscle and bigger bone mass carried by taller runners compared to shorter runners 
(Shafeeq et al., 2010). In general, carrying a higher body weight makes it more difficult to 
sustain maximal speed (Mori et al., 2016). The LBM was also found to be an essential attribute 
that affects oxygen consumption and the maximum running speed (Foster, 2015). The mean 
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LBM of the current sample was 59.24 ± 6.09 kg, which was expected to be the highest values 
achieved by cross-country athletes. Thus, an increase in lean body mass contributes to the 
athletes generating more force in a specific period because athletes with more inertia, enable 
them to run with greater stability and display a higher aerobic performance. For example, the 
force applied to the ground for maximal acceleration and deceleration would be developed to 
enhance endurance performance. Also, athletes with a greater amount of LBM will have a 
greater energy expenditure since LBM is associated with basal metabolic rate (BMR) whereas 
higher metabolic rates allow for greater energy turnover and provide more optimal condition 
for a positive training adaptation. Having less muscle mass also means that the athlete does not 
have to constantly carry any excessive weight with them. This means that they use less energy 
with each step or repetition, making every movement more efficient in the long run. 
Subsequently, improves the speed endurance, anaerobic capacity, and lactate buffering, making 
sure they performance better during longer exercises with a high heart rate. However, higher 
intensity and higher resistance training will eventually also increase muscle mass which may 
not be what the athlete performance needs. 
Practically, lean athletes, during their running, use less energy expenditure to maintain race 
pace throughout the competition (Maciejczyk, Wiecek, Szymura, Szygula, Wiecha & Cempla, 
2014). For instance, Maciejczyk et al. (2014) shown that an individual with higher LBM 
increase in muscle mass, due to training thus, absolute V̇O . Subsequently, could assist 
these athletes because they are required to carry their weight throughout the duration of the 
cross-country running competition, which leads to greater athletic performance. For this 
reason, LBM should be high for cross-country athletes, because this makes the athletes more 
functionally capable. Sierra et al. (2015) investigated the body composition of elite distance 
runners between the ages 18 to 30 years. Since endurance training can increase LBM by about 
20%, the authors concluded that natural endowment was the most important factor determining 
an athlete’s LBM. The results of this section suggest that lean mass (muscle mass) contributes 
to performance. Thus, calculating BF% can be valuable to monitor body composition variables 
that account for most of the influence of running performance. The reduced body fat attributed 
to muscular and cardiorespiratory endurance provides greater aid for the endurance athletes to 
decrease the muscle force of contraction per workload. Therefore, the athletic motion can be 
positively affected by increased LBM and can enhance cross-country running performance. 
Having a greater proportion of LBM could be beneficial if the muscle is aerobically trained. 
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This would induce favourable adaptations such as enhanced mitochondrial biogenesis, 
capillary density, effectiveness of PGC1-alpha signalling pathways, enhanced fat oxidation, 
better lactate removal, transport and buffering, conversion of muscle fibre types. Nevertheless, 
LBM is not the sole determinant of performance, but only one of many multi-system effects 
mediated by integrated metabolic and endocrine signalling pathways. The present results 
indicate a higher mean value at (59.24 ± 6.09) increase in lean body mass by 4.7%, V̇O  
and maximal work performance by 37%. The change in training during this phase transition 
was 1.6-fold for intensity and 2-fold for duration. In addition, there were high significant 
correlation between LBM and V̇O  and training-induced adaptations and may influence 
various physiological parameters resulting in an enhanced maximal work performance. On the 
other hand, lower nonessential body fat can also have a beneficial effect on the athlete’s 
endurance and speed. 
The reason behind this is that additional weight creates more resistance during exercise, 
meaning that your muscles must work harder to maintain a certain level of performance. For 
example, the strength and power of the athlete are directly related to lean muscle mass because 
a bigger muscle also contracts with more force. Another thing to keep in mind is that a higher 
body mass, whether it is lean muscle or fat, can negatively impact the athlete mobility, balance, 
and even coordination. This is because additional muscle mass can create physical barrier to 
natural movement of a joint. As a result, the athlete may not be able to fully utilize its full range 
for proper coordination and balancing aid. That is why cross-country runners have lower levels 
of body mass. Still, there are other reasons, but lower body weight runners can dissipate heat 
better, because they have a higher surface-area-to-body-weight ratio and less insulating fat 
tissue (Mori et al., 2016). The present findings suggests that BW it is certainly one of the factors 
contributes to cross-country performance. Therefore, while BW is not everything, it is certainly 
age, stature and LBM are factors for cross-country running performance. 
5.3  Estimated body fat percentage 
As mentioned in the literature review, endurance trained athletes that are lean and that tend to 
exhibit a lower body weight generally perform better in endurance events. Elite cross-country 
runners need less BF%, about 5% to 12% on average, compared to 10% to 20% for a non-
cross-country athlete. For example, the former 11-time world cross-country champion, 
Kenenisa Bekele, in the 2008 world cross-country championships had a 6% body fat 
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percentage, which enabled him to accelerate and run faster. His performance in cross-country 
running confirmed that if he had more BF%, it could be considered excessive weight which 
would only slow him down. It should be considered that with increasing BF% the work 
required for moving the body on a running course/racetrack increases. The findings of this 
study, therefore, suggest that the senior male cross-country athletes from Gauteng province, 
South Africa, have a mean BF% of 8.04 ± 2.68%. Based on this, we can easily claim that the 
lower BF% can influence performance in cross-country running, which appears to influence 
muscle mass and to balance hormone levels during training. Hormones also have a slight 
impact on the performance. For example, female hormones like estrogen and progesterone 
affect water retention different times of the month. This makes the body cells swell up with 
water especially during days leading up to the menstrual cycle, causing feeling of bloating. In 
addition, sex hormones, thyroid hormones also play an important role in energy balance 
(energy homeostasis) and heat production (thermogenesis), leading to possible changes in body 
composition which could affect performance. In agreement with the present investigation, 
several studies have shown that a decrease in BF% is associated with performance in long-
distance running (Seiler, Jøranson, Olesen & Hetlelid, 2013; Haugen et al., 2018; Arazi, 
Mirzaei & Nobari, 2015; Abraham, 2010). 
The decrease in BF% is generally associated with lower intensity endurance training and 
metabolic changes in trained muscle. It is common in endurance athletes due to the training 
and adaptation that occurs because of training BF% is reduced significantly which influences 
long-distance running performance (Seiler et al., 2013). In cross-country athletes significantly 
benefit from lower BF%. In fact, several studies have found a clear connection between lower 
BF% and long-distance performance in 1500m, 10000m, and marathon events (Sekiguchi et 
al., 2019). This is also supported by research stating that a higher body mass, be it BF% or 
muscle, negatively affects maximal oxygen uptake and endurance performance. This means 
that more muscular athletes are less likely to perform well in longer endurance events. 
However, Yamamoto et al. (2008) suggested that these results may be caused by differences 
in muscle fibre composition and individual training program. This is consistent with the 
findings of this study where the participants were found to have lower BF%. In similar studies, 
Belcher and Pemberton (2012) and Arazi et al. (2015) reported low BF% in both cross-country 
athletes and marathon athletes, indicating that being lean assisted athletes attain higher running 
speed. Another important finding was that a strong relationship between BF% and performance 
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because of body fat percentage decrease during competition season (Casado et al., 2019; 
Herrmann et al., 2019; Giovanelli, Taboga, Rejc & Lazzer, 2017). In the present results indicate 
that an increase in endurance training load decreases the BF% of senior male cross-country 
athletes with different performance could differ, despite a general relation found between BF% 
and V̇O . In world long-distance competition athletes, BF% was typically 5%-6% Esteve-
Lanao et al. (2014) lower compared to the BF% of the current sample. Seasonal changes have 
been described in BF% specifically, BF% decreases by 1% to 3% during the competitive season 
(Del Coso et al., 2014). Pronounced changes in BF% of highly trained athletes take place if, 
during the off-season, the distance run is approximately 120 km/week (Wood et al., 2016). 
Cross-country athletes of equal BF% could have different competition results depending on the 
additional morphological factors and biomechanical efficiency such as long ground-contact 
which results in a greater energy expenditure and less recycling (Lara et al., 2014; Santos-
Concejero, Tam, Granados, Irazusta, Biddaurrazaga-Letona Zavala-Lili & Gil, 2014).  It is well 
known that the performance of higher BF% runners is generally poorer than of their lower BF% 
counterparts (Giovanelli et al., 2017). Therefore, it is worthy to note that a strong relationship 
exists between BF% and performance in senior male cross-country runners. The present 
findings indicate that the average hours done daily, long runs and high intensity interval-
training performance during training and competition phase allowed reduction of BF% and 
improve the ability to run a fast 10 km in fast time. This fact had already been reported in less 
trained athletes but for road 10 km performance (Santos-Concejero et al., 2014). In these 
studies, BF% has been reported to be improved by 5 to 10% consequently enhance 10 km 
performance even in already endurance fit athletes by a programme of interval training (twice 
a week for four weeks). Therefore, it could be deduced that (hours per session daily, hours per 
week of training, intensity of tempo run, minutes of long run, duration of tempo run, intervals 
intensity and fartlek intensity) were sufficient to reduce BF% in senior male cross-country 
runners. The velocity of interval training used was equal to the minimal velocity associated to 
10 km performance race time in an incremental test and the duration was between 50 to 75 % 
of the time limit at vV̇O . However, qualitative rather than quantitative training could be 
essential to be successful in cross-country running. 
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5.4  Influence of somatotype for senior male cross-country athletes 
While age, stature, BW, BF% and lean muscle mass contribute to performance, the influence 
of somatotype cannot be ruled out. In cross-country running, somatotype is important because 
body type is among the factors that can determine athletic performance and the likelihood of 
success in a sport. Somatotype may also be an important variable of the body type for male 
cross-country athletes. The mean somatotype values of present study athletes are comparable 
with that of African runners’ studies by Vučetić, Babić, Šentija & Nekić, (2005) and Ridder, 
Monyeki, Amusa, Toriola, Wekesa and Carter, (2000) which placed both middle distance and 
long-distance runners in meso-ectomorph category. This contradicts the results of the present 
study. The somatotype score of African middle- and long-distance runners who are currently 
the best in the world were 1.4-3.2-4.2 and 1.6-2.9-4.3 respectively which shows that they have 
extremely low endomorphic characteristics and their ectomorphic component is highly marked. 
Compared to the above, the present study senior cross-country runners exhibited a lower value 
of endomorphic component and lower value of ectomorphic component. 
This may be desirable and will become advantage for them and enhance their performance at 
international level competition. In another recent study conducted in the Asian continent, the 
Nepalese long-distance runners exhibited somatotype score of 1.6-3.3-3.8 respectively 
(Amatya, 2009). It can be observed that the present investigated runners have lower 
endomorphic characteristics than the runners in both African and Asian studies discussed 
above. This may be due to the fact that the data was collected during the competition phase of 
the annual training cycle thus far, a lesser amount of body fat may be expected and hence, the 
lower value of endomorphic component may be justified. For this reason, in relation to the 
somatotype profile, the total number of athletes (2.80 ± 0.51) of the present study showed 
ectomorphic classification, in other words, they are lean with little body fat and little muscle 
comparing the mean somatotype with those of another elite cross-country runners. As expected, 
there is an increase in ectomorphic components and decrease in both endomorphic and 
mesomorphic components it could be explained by the higher training volume of the senior 
male cross-country runners referred to (Table 4.3). In a study performed with 112 cross-country 
athletes, the morphological profile was classified as mesomorph-endomorph (5.0-3.3-2.1), thus 
the component of BF% exceeds the component of muscle mass and linearity (Piacetini et al., 
2013). However, there was a ten-year interval between the studies, suggesting a discreet 
modification in these components. Although the muscular component can be improved, the 
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semitopological profile presented by the athletes of the present study (ectomorphic) may 
suggest a greater association with the physiological demands of the modality (e.g., potency and 
strength of lower limbs) than a classification where the fat component is higher (Hoogkamer 
et al., 2017). All seven skinfold thickness measurements presented in this study are smaller on 
average in the present study than in previous studies (Maughan, Shirreffs Lukaski, 2017). In 
addition, the difference between sequential somatotypes indicates a low level of distribution 
among the athletes of this sample, which is similar to previous studies (Piacetini et al., 2013; 
Marc et al., 2014). These athletes were low in BF% level as determined by Andersson et al. 
(2017) (men: <8%) but were within the usual range of values found in elite distance athletes 
and were in the range considered to be in a satisfactory category for athletic endurance 
performance (Gamboa et al., 2018). Given that long-distance athletes typically have lower 
BF% levels than recreational runners, it was expected that senior male cross-country athletes’ 
total sum of skinfold measurements would be significantly less. This agrees with the studies 
reviewed in Chapter 2, which reported a high ectomorph among well trained long-distance 
runners. In the current study, the senior male cross-country athletes were reported to have a 
higher ectomorph and a lower endomorph somatotype. Higher ectomorphic and lower 
endomorphic scores predicted overall race performance with higher ectomorph scores 
correlating with a faster finishing time (Legaz-Arrese, Kinfu, Munguía-Izquierdo, Carranza-
Garcia & Calderón, 2009). The current results are consistent with Hoffman and Fogard (2012) 
who reported that elite Kenyan marathon athletes had a high mean ectomorph score and a low 
mean endomorph score. There are several possible explanations for the investigated result 
which seems logical considering the energy demands of such events, as well as the volume and 
characteristics of the training program they are undergoing. 
A dominant ectomorphic somatotype was assumed to improve running economy (Gedefaw & 
Reddy, 2016), as lower BW is thought to demand less energy than higher BW during running 
(Hoogkamer et al., 2017). An increased volume of training may predispose athletes to a higher 
ectomorphic body type because high endurance training volume decreases excess body fat and 
most of the BW put on them will be lean muscle rather than fat (Maughan et al., 2017). The 
current sample have higher LBM and lower fat mass of the legs, which are associated with 
better physical performance in senior male cross-country athletes. The findings, therefore, 
suggest that the research sample undertake intensive training. This was also supported by the 
results on their weekly training, which shows that they train 30 hours per week. It can, 
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therefore, be assumed that the optimising favourable ectomorphic body type profiles (higher 
lean body mass) in cross-country athletes may be clinically highly relevant. The possible 
interference of skinfolds cannot be ruled out, especially the calf and abdominal folds. However, 
with no calf circumference and abdominal circumference measurements, caution must be 
applied, as the findings might not be transferable to the small size of the calf muscle and 
abdominal muscle. Thus, can be speculated that the current participants could benefit from the 
small size of their calf muscle skinfold and lower skinfold around abdominal muscles. These 
results are broadly consistent with earlier research by Knechtle, Aschmann, Onywera, 
Nikolaidis, Rosemann and Rüst (2017). For the sake of discussion, I would like to argue that 
these conditions are more likely to occur among endurance athletes. Along similar lines, 
Knechtle et al. (2012) showed that a decrease in the calf muscle and abdominal muscle 
circumference is associated with running speed. Therefore, the current findings appear to 
validate such a view. Based on the present results, it appears that there is association between 
morphological characteristics and 10 km time performance their best performance times 
occurred at 19 km/hr. However, this is not the only association, but physiological 
characteristics could be critical parameters associated with performance among a group of 
cross-country runners. Therefore, the association observed between physiological 
characteristics and performance in cross-country running will be discussed in the following 
section.  
5.5  Physiological characteristics for senior male cross-country athletes 
Maximal oxygen consumption during exercise represents the ability to consume oxygen at a 
given rate and to integrate the components of oxygen transportation and oxygen utilisation. 
Elite cross-country runners typically have a V̇O  between 70-80 ml·kg-1·min-1, which is 
comparable to elite marathon runners (Hunter et al., 2015). The average V̇O  of the current 
sample was 63.5 ml·kg-1·min-1, slightly lower than for previously reported elite long-distance 
athletes (70-80 ml·kg-1·min-1) (Domingo et al., 2013). This could be explained by the 
differences in the high altitude of the testing laboratories. The current study conducted all tests 
at a higher altitude than most other investigations Machado, Kravchychyn, Peserico, da Silva 
and Mezzaroba, (2013); Souza, Lucas, Grossl, Costa, Guglielmo and Denadai, (2014); 
Johannesburg is at 1753 m above sea level. As such, the barometric pressure is lower 
(82.54kPa). Generally, the partial pressure of oxygen is reduced at high altitudes, which was 
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likely to affect their performance, and thus, the strain on the cardiac muscle. Maximal oxygen 
consumption decrease as altitude increases above 1600 m. For every 1000 m above this level, 
V̇O  decreases even further, by approximately 8-11% (Souza et al., 2014). This decrease is 
mainly due to a downward slide in maximal cardiac output. Since cardiac output is dependent 
upon stroke volume, subsequently, decrease stroke volume at high altitudes due to the 
immediate lowering of blood plasma volume. For instance, plasma volume can decrease by as 
much as 25% within the first few hours of exposure to high altitude and require a few weeks 
to plateau. Therefore, we can extrapolate these findings, which means they show very good 
aerobic capacity. However, the V̇O  for the current sample was higher compared to the 
recreational athletes (45-56 ml·kg-1·min-1) (Fletcher et al., 2009). These findings could suggest 
that the athletes in this study fall in the elite athlete category. It is important to note that the 
estimated mean V̇O  of 63 ml·kg-1·min-1, although directly measured with respiratory gas 
analysis during maximum exercise test, is not high for runners capable of completing a cross-
country distance race of 10 km. In comparison, Kenyan runners participating in cross-country 
race a familiar to many Gauteng runners and with a lesser mean age had mean V̇O  of 
approximately 69 ml·kg-1·min-1 (Waskiewicz et al., 2012). In the current study, certainly not 
all the runners were competitive senior male cross-country runners. 
Also, in the range of mean value of running speed of 16.24 ± 1.70 km·h-1 for cross-country 
running in 10 km distance, the slowest average for elite cross-country runners in 10 km 
distance. Previous studies in the elite 10 km cross-country runners have shown a higher range 
in estimated V̇O  (Rüst et al., 2013), and average running speed for a similar distance (Shaw 
et al., 2015). Nevertheless, tidal volume was high with a mean of 42.10 ± 14.98 L/min and 
36.30 ± 13.14 L/min, and all these athletes with the average minute ventilation of 151.32 ± 
25.85 L/min. This indicates that the runners were able to push themselves considerably 
physically. In contrast with previous reports, which found that all elite athletes, irrespective of 
the sporting code, had higher ventilation volume than recreational athletes (Julio et al., 2017; 
Miller et al., 2017). These studies are in accordance with the current findings that cross-country 
athletes have higher minute ventilation values than recreational athletes. It is likely that high 
volume training could account for high lung volume, although stature and age are the most 
used predictive factors for lung volume (Giandolini, Vernillo, Samozino, Horvais, Edwards, 
Morin & Millet, 2016). Previous studies have shown that the quantity and duration of long-
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term training easily led to measurable improvements in respiratory parameters (Folland, Allen, 
Black, Handsaker & Forrester, 2017). This is consistent with the present study where cross-
country athletes exhibit the mean value of 6.13 ± 2.40 years in competition. It should be 
considered that even moderate exercise can improve lung capacity (Giandolini et al., 2016). 
The mean value RER of the current participants was 1.23. An RER of greater than 0.95 was 
identified as the highest exercise intensity in a 10 km treadmill running test (Muniz-Pumares, 
2016). However, the changes of RER were found following 10 km performance indicating 
alteration in fat oxidation. Similar to the finding of Miller et al. (2017, who reported 
significantly increased maximal fat oxidation rate in recreational runners. The current results, 
therefore, suggest that senior male cross-country athletes reached their V̇O  at this point. It 
is worth noting that the RER should not be the marker for V̇O  because it appears to be an 
inconsistent maker for maximal effort (Muniz-Moore et al., 2013). Therefore, VT2 and HRmax 
were indicators when V̇O  had been achieved with the absence of a V̇O  plateau in the 
current study because during exercise, the HR responds by increasing, as does the delivery of 
O2 to the body. Therefore, their dependent relationship VT2 and HR are both valuable tools 
used to assess an individual V̇O . 
It was also expected that the ventilatory thresholds for these athletes would occur at intensities 
higher than the 70%-80% of V̇O  of well-trained elite athletes (Folland et al., 2017; 
Cerezuela-Espejo, Courel-Ibanez, Moran-Navarro, Martinez-Cava & Pallares, 2018). The 
point at which the athletes in this study appeared to reach VT2 averaged 63.50 ml·kg-1·min-1 
and the speed of 16 km·hr-1 at VT2. This indicates that the present study athletes are more 
suitable for cross-country running. This was a great attribute for senior male cross-country 
athletes of Gauteng province because indicated a greater ability to deliver and uptake O2 in the 
muscles compared to sub-elite and recreational cross-country runners. Higher performing 
cross-country runners can also maintain a greater percentage of V̇O  at faster velocities 
(Rabadan et al., 2011). This is particularly beneficial to cross-country running because the 
fastest runners complete the cross-country running at an intensity of 76% of their V̇O  for 
the duration of the race. This is much higher than the recreational runners who complete the 
cross-country running at 40% of V̇O . With an increased VT2, cross-country athletes could 
run longer at a higher intensity level before reaching their VT2. The participants’ V̇O  at the 
end of stage four, which was the stage that every subject completed, was examined as a possible 
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estimation of which participants might possess increased VT2. Participants with a lower 
percentage V̇O  than other participants at the same intensity have potentially more 
opportunity to increase V̇O  before VT2 is reached. Oxygen consumption at the end of stage 
four appeared to be very similar to the average computer-generated VT (V̇O  at V̇E slope 
inflection point) by the Metalyzer 3B-R2, Cortex Biophysik. However, it is most likely a 
coincidence that the computer-generated VT from the Metalyzer and V̇O  at the end of stage 
four were very similar. It could suggest that the current athletes, on average, were already at 
ventilatory threshold at the end of stage four and continued to exercise. Furthermore, it is worth 
to mention that participants in the present study were hyperventilating at a higher intensity. 
Interestingly, the average maximum heart rate (HRmax) for the runners was 191 beats per 
minute. This suggests that the increased HR during the treadmill test could increase occlusion 
of blood flow to be pumped out into the body, which would increase oxygen uptake for the 
muscle function. The findings were not different from those of Schneeweiss et al. (2019), who 
observed no variation in HRmax between laboratory and field-tested cross-country athletes. 
Cross-country running, on the other hand, involves a variable pace with little consistent pace 
seen during a race. Giandolini et al. (2016) observed male marathon runners during a 30-minute 
treadmill test. Their marathon race pace elicited a mean HRmax of 171 beats per minute that is 
close to the level measured in the current study. Therefore, that enables the athletes to perform 
high intensity exercises close to their HRmax with short-range recovery (Joyner, 2017). 
Subsequently, may be the reason for the higher mean HR of these runners and would explain 
the difference in relation to the mean HR of the long-distance runners during racing, as 
discussed previously (Bosquet et al., 2016). 
Also, the group sample of the present study was younger, which could contribute to high HRmax. 
The findings of this study have implications for the training of elite cross-country runners. In 
contrast, considering altitude decrease in athletes maximal heart rate was observed at higher 
altitude (Cerezuela-Espejo et al., 2018), such that the overall effect is less oxygen being 
released from the blood into the muscles. A smaller number of available oxygen molecules per 
given amount of air means that increased breathing is required to consume the same amount of 
oxygen to which the body has become accustomed at sea level. It is evident that the training 
regimen of these athletes should closely resemble their mean heart rates in training. This is due 
to high demand training at a high level of intensity and training required in preparation for 
intermittent exercise such as cross-country running. There is a great distribution of heart rates 
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for these cross-country runners, which shows there is a potential in a competition to recover 
from a heavy burst of exercise. It is interesting to note that when individual cross-country 
runners’ HRmax was observed, it resulted in a significantly more varied response of HR than all 
other endurance sports investigated (Fletcher, Esau & MacIntosh, 2009). It is possible that the 
increased speed on the treadmill test and some physiological change occurred with decreased 
blood volume to cause the increase in peak HR during the 10 km race. Research has shown that 
when comparing trained and untrained individuals, HRmax is altered anywhere from 4 to 11 
beats/min-1 (p < 0.05) (Berglund, Sørås, Relling, Lundgren, Kiel & Moholdt, 2019; Póvoas, 
Krustrup & Castagna, 2020). In a study by Berglund et al. (2019), the accuracy of adding 
five beats min-1 to incremental tests for V̇O / V̇O peak for obtaining individual HRmax was 
tested. Using a multiphase high-intensity treadmill test to exhaustion deemed to elicit HRmax, 
the cited authors found HRpeak to be 2 beats per min-1 higher than that achieved in the usual 
progressive test for V̇O /V̇O peak assessment in untrained individuals (Berglund et al. 
2019). From a performance perspective, the inconsistent conditions would provoke variation 
in respiratory muscle performance and would subsequently be reversed by the decreasing 
running speed of cross-country athletes. This showed that cross-country runner’s pace 
themselves successfully throughout competitions, despite inconsistent conditions, and build up 
to a peak intensity towards the end of their races. Therefore, this is an important tactic because 
respiratory muscles decrease to conserve energy to improve running speed towards the end of 
the race. Also, the results presented showed that a refined V̇O  value can be valuable for 
cross-country runners moving over rough terrain, such as dirt roads, as well as for providing 
them an important energy substrate for longer-term competition. Although, V̇O  can be a 
valuable factor, RE may be an important physiological measure for cross-country running 
performance. The following section will discuss the RE as well as performance for cross-
country athletes. 
5.6  Running economy (RE) 
Maximal oxygen consumption is not the only variable that relates to performance; running 
economy (RE) seems to be one of the many important factors that can be considered in 
assessing the potential performance of athletes in running and endurance sports (Silva, de Lira, 
Vancini & Andrade, 2018). The term RE is generally understood to refer to the energy required 
to run at a given submaximal velocity (Moore et al. 2014) and is equated by measuring the 
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steady-state oxygen consumption at the submaximal running speed (Tartaruga et al., 2012). 
From a performance point of view, in runners with a similar V̇O , the runner with the lower 
RE will be more efficient, using less O2 than their counterparts at a given running velocity. 
This is important for performance, because less heat will be produced, muscle glycogen will 
be reserved which supplies energy more slowly to last about 90 seconds. Therefore, delaying 
fatigue and having the ability to maintain a faster velocity near the end of the race. RE was 
found to be increasing from the first stage to the third stage and dropped significantly during 
the last stage when expressed in percentages using the whole sample. This shows the metabolic 
changes across the four stages as can be seen from (Table 4.5). The single most striking 
observation to emerge from the data was a decrease in the fourth stage at 19 km·hr-1. This 
decrease in V̇O  at 19 km·hr-1 by approximately 25.4% of the independent run to the first 32.8% 
of the cross-country run versus V̇O  means it could be related to lactic acid, thereby causing a 
decrease in aerobic metabolism and therefore a decrease in RE. 
This suggests that the participants were running above VT2, which resulted in a greater O2 cost, 
then lactate accumulation and the earlier onset of fatigue. This could prevent performance 
during a competition because cross-country running promotes metabolic adaptations that 
improve V̇O . It can be seen from the data in Table 4.5 that when RE, expressed as a 
percentage for the participants at 12 km·hr-1, V̇O  was approximately 32.8% and at 14.5 
km·hr-1 increased by 8.9%. There was a major increase at 16 km·hr-1, approximately 14.3%, 
and there was a vast decrease at 19.2 km·hr -1, about 25.4%. The slightly higher RE values at 
the speed of 16 km·hr-1 reported in the present study are similar to published data (Barnes and 
Kilding, (2015) it can be explained by the portable device MetaMax 3B used to measure V̇O . 
However, and importantly, although the MetaMax 3B has been shown to overestimate V̇O  by 
up to 10% when compared to the primary criterion Tartaruga, Brisswalter, Peyré-Tartaruga, 
Ávila, Alberton, Coertjens, Cadore, Tiggemann, Silva and Kruel, (2012) bag method and 
secondary criterion Jaeger Oxycon Pro system, it has excellent reproducibility, with a typical 
error of 2–3% for V̇O , V̇CO  and V̇E (Saunders, Pyne, Telford & Hawley, 2004). As observed 
in the current cohort of athletes, nearly half (48.6%) of the variance was explained by the 
increase in speed. Of the study parameters, only HRmax showed that the increase in running 
intensities explained the (25.4%) of their variance. It is tempting to speculate that at 16 km·hr-
1 the athletes in the current study were running at the VT2 where they can sustain a near-
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maximal physiological demand. Therefore, improved efficient RE accounts for higher V̇O  
and reduces lactate accumulation of approximately 8%, resulting in a 19% improvement in 
steady state power output per kilogram of BW at a given V̇O  (Ghosh, 2004). The findings 
show that in cross-country sport, RE is another important factor that can be used to assess the 
running performance, and the maximum running speed. In the present results, it appears that 
there is an association between morphological and physiological characteristics with 
performance among cross-country runners. Therefore, the results of this section suggest that 
the morphological and physiological characteristic variables account for most of the cross-
country performance. The following section will discuss the examined relationships, and the 
test correlations between morphological and physiological characteristics with performance for 
cross-country athletes. 
5.7  Correlation of variables with morphological and physiological characteristics 
A correlation matrix was conducted to identify potential relationships between morphological 
and physiological characteristics in the sample. There was a strong positive correlation between 
height and weight (r = 0.652) but no correlation to race performance as well as a weak 
correlation between BF% and height (r = 0.382). In addition, there was a positive correlation 
between BF% and body weight (r = 0.575). The correlation between HRmax and age (r = -0.671) 
as well as between HRmax and RE (r = -0.434) was negative. The correlation between HRmax 
and RE was weak. There was also a weak negative correlation between V̇E/VO2 and weight (r 
= -0.368) as well as year of competition and speed (r = -0.398), but a moderate positive 
correlation between years of competition and age of the runners (r = 0.536). These findings 
demonstrate the potential value of morphological and physiological characteristics for cross-
country running for identifying the individual’s probable top performance. A strong 
relationship between BW and stature (r = 0.652) has been reported in this study. As was 
anticipated, the present runners were taller, heavier, and leaner in terms of BF% as compared 
to the elite runners. The relationship indicates that as stature increases so does the BW. The 
above significant correlation is inconsistent with previous reports of the profile of long-distance 
runners, which suggests that linear stature and lengths have no significance on BW (Knechtle 
et al., 2011). The findings cannot be extrapolated to all cross-country athletes because it is not 
clear whether stature is measurable as a factor. Additionally, it could be speculated that, BF%, 
BW, and height were strongly related to cross-country performance, as identified by previous 
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findings, that factors such as BW and training affect the performance in senior cross-country 
(Rabadán, Díaz, Calderón, Benito, Peinado & Maffulli, 2011). In the present study, and in line 
with the previous reports (Rosenblat et al., 2011), the current sample of runners were heavier 
and had a lower BF%. The results may suggest that either stature or BW may be used alone to 
predict performance in senior male cross-country running. This may also suggest that higher 
performance in cross-country running may be reliant not only on V̇O  and strength, but also 
on lower BW. There was a positive correlation between years of competition and BF% (r = 
0.327). This was consistent with the results reported by Tanner and Gore (2013), which showed 
that years of endurance training decreased BF% by 20%. It was also reported that BF% is likely 
to be reduced in endurance athletes due to the volume of the training load (Thompson, 2017). 
It should be noted that the correlation between years of competition and BF% observed in this 
study was weak, probably due to the homogeneity of the sample. The average BW of the 
athletes tested in this study showed that these athletes had a lower LBM. The correlation 
observed suggests that reduced BW was accompanied by reduced BF% which could be 
confirmed by the hours per week of training and minutes of long runs (Table 4.3). However, it 
is possible that the reduction in BF% does not occur solely due to training hours but nutrition 
could contribute put athletes in a much stronger position to improve performance of the senior 
male cross-country runners. The results of this study showed a negative correlation between 
RE, age and BF%. Besides those relationships indicated above, there was a negative correlation 
between V̇E/VO2 and body weight (r = -0.368). 
A possible explanation might be that more body mass affects the performance of senior male 
cross-country athletes, which leads to consuming more O2 at moderate to higher exercise 
intensities. Subsequently, could compromise the ability to run for long at the competitive 
running speeds during training and competition, which could impact cross-country 
performance. Additionally, as anticipated, age, BF%, HRmax and speed were positively 
correlated to cross-country running performance, in contrast to those of other studies that found 
a negative correlation (Domingo, Sturrock & Collins, 2013). The observed correlation between 
age, BF%, HRmax and speed suggests that the BW decreases with years of training, therefore, 
BW remaining constant will be a loss of adipose tissue, consequently, build-up of muscle mass. 
Generally, the decrease in mass directly affects the functional ability of the cross-country 
runners, which is important for performance. Although there was no statistical significance, I 
could be related to the weak relationship between speed and performance relating to studies 
71 
  
that did not assess any influence of the parameter (Sandford et al., 2019). There was a negative 
correlation between HRmax and RE (r = -0.343). As the HR increases and the RE economy 
decreases, this leads to a decrease in cardiac output and muscle blood flow. The decreases in 
V̇O  lead to a decrease in efficiency of V̇O  usage. Therefore, it is fair to suggest that 
performance may be impacted due to the increased HRmax and the decreased RE of these 
athletes. The results of this study and the previous studies may suggest that there is a 
relationship between HRmax and RE during maximal and submaximal exercise. This 
relationship could be that athletes in the present and previous study (Navarro, Rodríguez, 
Rielves, De La Fuente Pérez and Pallarés, 2016) transport O2 efficiently during exercise. 
Therefore, a lower HR and breathing frequency during exercise are associated with lower V̇O  
in maximal and submaximal exercise. There was a negative correlation between years of 
competition and 10 km running speed (r = -0.398). The importance of experience in endurance 
performance is still contested (Gianoli, Knechtle, Knechtle, Barandun, Rüst and Rosemann, 
2012); however, it is of interest to consider that individuals vary greatly (Emig, Mulligan & 
Adam, 2018). Contrary to expectations, this study did not find a significant difference between 
V̇O  and running performance (Table 4.6). The contradictory result could be due to that 
V̇O  might be in and of itself is not the best predictor of performance and the dependence 
of V̇O  on training, as all the athletes in this study were elite athletes and well trained. 
In the 5,000 m test, the results confirm the findings of other studies that investigated the 
relationship between V̇O  and the performance of endurance runners at this distance (Emig 
et al., 2018). Tanaka et al. 2001 found a significant correlation between V̇O  and the 
performance of runners at distance of 5,000 m at different stages of an endurance training 
program (correlation coefficients between -0.67 and -0.79). Also, in the 5,000 m test, 
McLaughlin (2006) observed significant correlation (r = 0.86) between V̇O  and 5,000 m. 
In addition, when estimated from the submaximal relationship between V̇O  and the running 
velocity, vV̇O  has also been correlated (r = -0.63) with the 5,000 m test (Spencer & Gastin, 
2001). On the other hand, in a group of moderately trained runners, Alvero-Cruz, Carnero, 
Giráldez García, Alacid, Rosemann, Nikolaidis and Knechtle (2019) found high correlation (r 
= -0.98) between vV̇O  determined in 10 km and the performance in the of 5,000 m test. 
However, this high correlation may be explained by the heterogeneous characteristics of the 
sample (Bliss, Waldron, Maxwell, 2021). This was not confirmed in this study, since V̇O  
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was the only index that explained performance in the 10 km test (Tables 4.4). In fact, AT has 
shown significant associations with the performance of endurance runners in the 10,000 m test 
5,8. Thus, based on data obtained, it could be inferred that the performance at this distance is 
highly dependent on aerobic capacity. However, although being an important physiological 
parameter of aerobic capacity Alvero-Cruz et al. (2019), V̇O  is very difficult to be 
determined in sports due to several factors (e.g., high costs, invasive procedures). In contrast, 
the heart rate response, although still very contradictory has shown a direct relationship with 
the V̇O  response of senior male cross-country runners. These correlational findings also 
showed non-significant trends that a senior male cross-country performance was inversely 
related to the following: V̇E/CO2, lung capacity, VT and RE of the runners. This is probable 
that all the runners were highly trained, with many years of competing at a high competition 
level. With prolonged training, improvements in V̇O , V̇E/CO2, lung capacity, VT make it 
difficult to further increase these factors in highly trained endurance athletes (Silva et al., 
2018). 
Prior studies have noted that training at an intensity above the anaerobic threshold is necessary 
to stimulate an increase in physiological factors in trained athletes (Myrkos et al., 2019; 
Rankinen et al., 2016). There were no correlations among personal best record, minutes per 
daily session and running speed. Nascimento et al. (2017) also found no relationship between 
the above-mentioned variables on the performance of well-trained athletes. Relationships are 
difficult to find in select populations, such as the elite athletes used in the current study. The 
reduced variance with the sample does not facilitate identification of wide cross-sectional 
performance variables. Therefore, many performance predictors established in cross-sectional 
studies may be absent when testing elite athlete samples. Taken together, the lack of statistical 
significance does not mean that there is no effect at all. It can be suggested that performance 
could be affected, but not identified, by the present methods of measurements by which the 
participants of the study were trained. Therefore, performing this investigation in a more 
heterogenous group of recreational cross-country athletes is likely to provide conclusive 
results. 
5.8  Differences based on the duration of daily training sessions.  
A major component of performance is training. Professional athletes can spend most of their 
working hour’s training. However, in elite competitions, not all athletes are professional and 
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can afford extensive training sessions. Therefore, the sample of participants was divided into 
two groups to determine the effects of training session duration on morphological and 
physiological parameters. In reviewing the literature, some data report an association between 
duration and performance (Nascimento et al., 2017; Bourdon, Cardinale, Murray, Gastin, 
Kellmann, Varley, Gabbett, Coutts, Burgess, Gregson & Cable, 2017; Malone, Hughes, Roe, 
Collins & Buchheit, 2017). In the present study, the sample was divided into two groups to 
assess whether the duration of time spent training could influence their morphological and 
physiological characteristics. As shown in the current study, there were significant differences 
in BW (p = 0.028) and BF% (p = 0.030) between participants who trained for <45-minutes and 
those who trained >45 minutes per day. This suggests that the group with prolonged training 
had a significantly lower body weight and showed a trend towards a lower BF% than those in 
the 30-minute group of training per day. These findings suggest that the better long-distance 
runners tend to have a lean body frame.  In agreement with the present study, several studies 
reported a positive association between BF% and training session duration (Bourdon et al., 
2017; Malone et al., 2017). 
Intensity provides the largest set of significant clusters of influence in some morphological 
characteristics, which affect performance such as BF%, but may not have a direct effect on 
performance (Sylta, Tønnessen & Seiler, 2014). Sellés-Pérez, Fernández-Sáez, Férriz-Valero, 
Esteve-Lanao and Cejuela (2019) also reported that performance was mostly enhanced by 
training intensity rather than duration. It may suggest that training session duration had no 
major influence on performance-related parameters in this sample. Interestingly, there was a 
two-year difference in the <45-minute age group as compared to the >40-minute group runners, 
which could be a major factor in performance profile characteristics of the better cross-country 
runners. The age differences between the runners in the <45-minute group and >45-minute 
group could be greater in terms of the years of running experience. In the present study, there 
were no significant differences in V̇O , VT, RE and personal best 10 km time between the 
group who had <45-minute and >45-minute training sessions per day. Although there was no 
significant difference between the groups in mean V̇O , the >45-minute group runners 
utilised a lower volume of oxygen per kilogram of body weight than the 30-minute group, 
while running 10 km at 33 minutes. The >45 minutes group were speculated, on the whole, to 
have been running longer, and to have more strenuous regimes, both in terms of intensity of 
training and distance run per week. Descriptive analyses indicated that the number of training 
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sessions per week and the number of years training were the best predictors of competitive 
performance at both 10 km cross-country distance.  Furthermore, the mean VT at V̇O , 
while not statistically significant, was greater for runners in the <45-minute group than for 
those in >45-minute group. Thus, the >45-minute group could work at a higher percentage of 
their VT as compared to the 30-minute group runners without increasing aerobic metabolism 
and blood lactate levels (Jouanique-Dubuis et al., 2018). Although V̇O  generally reaches 
its peak and stops improving after the athlete’s HR levels off before the end of exercise intensity 
on the value of 95% of the anticipated HRmax and RER greater than 1.0, the detected V̇O  
measures as V̇O . The runners’ ability to use a progressively higher percentage of their 
V̇O  before entering acidosis allows them to maintain a higher racing velocity for much 
longer periods than less metabolic efficient runners. It appears that the >45minute group were 
more efficient in the areas of fractional utilisation of V̇O  in their attributes than the <45-
minute group which could seem to have affected performance. Among the two groups V̇O  
was related to running performance and was a strong predictor variable for performance. The 
possible explanation could be that long duration training results bring several changes in 
cardiovascular function, including increased maximal cardiac output, increased stroke volume, 
and reduced heart rate at rest and during submaximal exercise (Sylta et al., 2014). 
The most significant change in cardiovascular function with long duration training is the 
increase in maximal cardiac output, resulting primarily from improved stroke volume (Emig et 
al., 2018). The increase in stroke volume and cardiac output, which increased blood flow. This 
increased maximal cardiac output per litre oxygen uptake increases the amount of O2 being 
delivered each minute to the muscle that is working. This increases the workloads within the 
aerobic training zone, delaying fatigue. The increased maximal cardiac output per litre oxygen 
uptake can be speculated by the lower concentration of haemoglobin in the cross-country 
athletes. The ventilatory adaptations from training include increased tidal volume and breathing 
frequency with maximal exercise. The breathing frequency is often reduced, and tidal volume 
is increased. The ventilatory adaptations result from local, neural, or chemical adaptations in 
the specific muscles trained through exercise (Sellés-Pérez et al., 2019). Then suggests that the 
>45-minute group were exposed to a larger and more rigorous exercise stimulus. The longer 
duration training influences glycogen concentrations and stimulates metabolic changes, which 
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influence the capacity of fat oxidation and increased activity of enzymes involved in aerobic 
respiration (Muñoz, Cejuela, Seiler, Larumbe & Esteve-Lanao, 2014). 
5.9  Conclusion 
The present study was designed to determine the relationship between morphological 
characteristics and physiological characteristics with the performance of senior male cross-
country athletes. It is now possible to state that morphological and physiological characteristics 
are commonly associated with cross-country athletes. The results of the present study indicated 
that in comparison to other endurance athletes and senior male cross-country running athletes 
have lower body fat percentage. The analysis showed that athletes of various endurance events 
statistically differ in morphological measures, especially in dimensions of BW and BF%. On 
the physiological level, V̇O , RE, VT1 and VT2, as well as the maximal heart rate 
statistically no difference, being significantly higher in senior male cross-country runners of 
Gauteng, which was significantly lower in other endurance runners’ studies. Performance in 
cross-country running influenced by a variety of factors, most of which are of a morphological 
and physiological nature. Accordingly, the senior male cross-country runner must rely to a 
large extent on a high aerobic capacity. However, no significant variations in ?̇?𝑂  have 
been observed among the current runners with a similar performance capability, indicating 
complementary factors are of importance for performance. 
The RE (expressed, e.g., as V̇O  10 at 16 km·hr-1) as well as the fractional utilisation of V̇O  
at cross-country race pace (%V̇O ) where mean cross-country velocity are additional factors 
which are known to affect the performance capacity. Together V̇O , and %V̇O  can 
almost entirely explain the variation in senior male cross-country performance. To a similar 
degree, these variables have also been found to explain the variations in the anaerobic 
threshold. This factor, which was closely related to the metabolic response to increasing 
exercise intensities, is the single variable that has the highest predictive power for senior male 
cross-country performance. The lowest value BW and BF% was present among senior male 
cross-country runners of Gauteng which reflect in their lower values of skinfold measurement. 
It was also evident that in their relation to their skeletal dimensions they tend to be more heavily 
muscled than others and this may be advantageous for them at the start of the race and in the 
initial stages of acceleration as greater force is created by these dominant while ectomorphic 
component was the dominant marker. One of the more significant findings to emerge from this 
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study is that performance in cross-country running is mostly enhanced by training duration and 
partial training intensity. The VT of these cross-country athletes showed that they could 
exercise at high intensity before fatigue set in. However, the V̇O  and VT values did not 
relate to any physical parameters of this sample, and more investigations should be done in this 
specific area, including a larger sample and more extensive testing. V̇O  and VT are two of 
the more critical physiological characteristics related to aerobic performance. However, with a 
small sample size, caution must be applied, as the findings might be difficult to establish 
relationships. Although the sample may not entirely represent the elite cross-country athletes, 
it provides insight into morphological and physiological parameters for competitive cross-
country standards. From these standards, coaches and sport scientists can invest more time in 
training kilometres at higher speed compared to lower intensity training to assist young 
ambitious athletes in becoming more competitive and successful. The most important predictor 
variable for senior male cross-country runners were lower body weight, a lower BF% and a 
lower speed during training unit. The present data may be considered to serve as a reference 
standard for the anthropometry and body composition of Gauteng senior male cross-country 
runners. 
5.10  Limitations 
Finally, some important limitations need to be considered. Firstly, the study was the first to 
assess morphological and physiological characteristics of senior cross-country athletes in such 
depth at high altitude. The elevated demands of aerobic exercise metabolism may not be 
satisfiable at high altitudes because of a progressive drop in metabolic scope for activity. At 
low altitudes, the scope for activity (difference between basal and maximum metabolic rates) 
for most runners. Trained athletes may nearly double this value, yet at altitude man’s maximum 
metabolic rate or V̇O  decreases on average by about 11% per 1000 m of altitude (Frisancho 
1983). At 6000 m, V̇O  is decreased to about 50% of normal. At altitudes as high as the top 
of Mt. Everest, the aerobic scope for activity for man is so low that scaling the mountain 
without supplementary O2, as first achieved by Peter Habeler and Reinhold Messner in 1978, 
has been viewed by high altitude physiologists as an entirely remarkable feat and reviewed in 
at least two scientifically reputable places (Sutton et al. 1983; West, 1983). But we can 
speculate that a major limiting factor to cross-country performance is probably the choice of 
fuels for the exercising muscles, which factor is related to the %V̇O . Present indications 
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are that cross-country runners, compared with normal individuals, have a higher turnover rate 
in fat metabolism at given high exercise intensities expressed both in absolute (m/sec) and 
relative (%V̇O ) terms. The selection of fat for oxidation by the muscles is important since 
the stores of the most efficient fuel, the carbohydrates, are limited. The large amount of 
endurance training done by cross-country runners is probably responsible for similar metabolic 
adaptations, which contribute to a delayed onset of fatigue and raise the V̇O . There is 
probably an upper limit in training kilometres above which there are no improvements in the 
fractional utilisation of V̇O  at the cross-country race pace. The influence of training on 
V̇O  and, to some extent, on the RE appears, however, to be limited by genetic factors. The 
ultimately results in reduced/underestimated respiratory values extrinsic to physiological 
capabilities. Secondly, the study did not conduct an in-depth examination of anaerobic power 
characteristics. An analysis of anaerobic power in addition to endurance capacity could provide 
a more complete picture of athletes’ capacities to sports scientists and coaches. Specifically, a 
treadmill sprint test (maximal anaerobic running test) could be added to the protocol to 
investigate for anaerobic capacity outputs. Finally, the assessment of aerobic capacities was 
done using a running treadmill, which provides the accepted measure of oxygen consumption 
during running. However, cross-country running is more complex than treadmill running. 
Cross-country performance may include parameters not assessed in the current study. A 
standardised cross-country course should be used for the results to relate more to the actual 
cross-country running. This would allow for more ecological validity and distinct oxygen 
uptake values specific to their competition to be measured. 
5.11  Recommendations 
The findings indicated that the long duration of training session does not affect the performance 
of well-trained cross-country athletes, probably due to a decrease in high intensity. Therefore, 
replacing the long duration of training with high-intensity training could make a difference in 
cross-country running and competition performance. Many coaches and athletes in different 
endurance events have recently incorporated this training strategy in their workouts to optimise 
performance. In summary, potential strategies might be to increase the intensity by pre-
competition training to increase anaerobic capacity. Another possibility could be to decrease 
BW and BF% by combining both moderate training and high-intensity training. The findings 
imply that both moderate training and high-intensity training should be considered when 
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planning and designing a training programme for cross-country athletes. Coaching should 
emphasise improving RE, which improves the fractional utilisation of O2 and delays the 
achievement of the VT2. Future research should be a controlled study that concentrates on 
investigating the effect of high intensity on senior male cross-country runners involving a large 
sample size to document the reliability and validity of the findings in the present study. 
Moreover, it could be important to analyse anaerobic power in addition to endurance capacity. 
This might provide a more complete picture of athletes’ peak power output to sports scientists 
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Appendix A: Research study information letter 
 
DEPARTMENT OF SPORT AND MOVEMENT STUDIES 
RESEARCH STUDY INFORMATION LETTER 
10/09/201710/09/2017 
Good Day 
My name is DUMISANE HLASELO.DUMISANE HLASELO. I WOULD LIKE TO INVITE 
YOU TO PARTICIPATE in a research study on SECULAR COMPARATIVE STUDY OF 
PHYSIOLOGICAL AND MORPHOLOGICAL CHARACTERISTICS OF SENIOR MALE 
CROSS-COUNTRY RUNNERS OF GAUTENG PROVINCE.SECULAR COMPARATIVE 
STUDY OF PHYSIOLOGICAL AND MORPHOLOGICAL CHARACTERISTICS OF 
SENIOR MALE CROSS-COUNTRY RUNNERS OF GAUTENG PROVINCE. 
Before you decide on whether to participate, I would like to explain to you why the research is 
being done and what it will involve from you. I will go through the information letter with you 
and answer any questions you have. This should take about 10 to 20 minutes. The study is part 
of a research project being completed as a requirement for a Master’s Degree in Sport Science 
at the University of JohannesburgMaster’s Degree in Sport Science at the University of 
Johannesburg. 
THE PURPOSE OF THIS STUDY is to  investigate physiological and morphological 
characteristics of senior male cross-country runners in Gauteng province investigate 
physiological and morphological characteristics of senior male cross-country runners in 
Gauteng province. Below, I have compiled a set of questions and answers that I believe will 
assist you in understanding the relevant details of participation in this research study. Please 
read through these. If you have any further questions, I will be happy to answer them for you. 
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DO I HAVE TO TAKE PART? No, you do not have to. It is up to you to decide to participate 
in the study. I will describe the study and go through this information sheet. If you agree to 
take part, I will then ask you to sign a consent form.  
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? The 
proposed research will be undertaken measuring the following: Anthropometrical 
characteristics (age, height, weight, body fat (%), lean body mass, and skinfold measurements 
will be taken). This is to measure the size and proportion of your body. Then VO2max test, 
which measures the athlete’s maximal ability to transport and use oxygen for energy 
production. This test will be performed on the treadmill machine. The purpose of the VO2max 
test is to determine your maximum exercise capacity. You are required to wear a mouthpiece 
and headwear to collect expired ventilation. Heart rate will be monitored with transmitter belt 
attached to the chest. The workload is increased every few minutes until exhaustion or until 
other symptoms dictate that we terminate the test. You may stop the test at any time because 
of fatigue or discomfort. The time commitment is about 30 to 60 minutes to complete. 
Preparation for the test wearing exercise clothes and lightweight racing flat shoes that allow 
for free movement during vigorous exercise. You should be rested, well nourished, and 
hydrated for the test and avoid alcohol, caffeine, tobacco, and consuming food 3 hours before 
the test. Blood pressure will be taken during the VO2max test through use of an arm cuff and 
stethoscope put on the arm. You will be asked to rate you perceived exertion during the test. 
Then VO2max test, which measures the athlete’s maximal ability to transport and use oxygen 
for energy production. This test will be performed on the treadmill machine. The purpose of 
the VO2max test is to determine your maximum exercise capacity. You are required to wear a 
mouthpiece and headwear to collect expired ventilation. Heart rate will be monitored with 
transmitter belt attached to the chest. The workload is increased every few minutes until 
exhaustion or until other symptoms dictate that we terminate the test. You may stop the test at 
any time because of fatigue or discomfort. The time commitment is about 30 to 60 minutes to 
complete. Preparation for the test wearing exercise clothes and lightweight racing flats shoes 
that allow for free movement during vigorous exercise. You should be rested, well nourished, 
and hydrated for the test and avoid alcohol, caffeine, tobacco, and consuming food 3 hours 
before the test. Blood pressure will be taken during the VO2max test through use of an arm 
cuff and stethoscope put on the arm. You will be asked to rate you perceived exertion during 
the test. O2max test, which measures the athlete’s maximal ability to transport and use oxygen 
112 
  
for energy production. This test will be performed on the treadmill machine. The purpose of 
the VO2max test is to determine your maximum exercise capacity. You are required to wear a 
mouthpiece and headwear to collect expired ventilation. Heart rate will be monitored with 
transmitter belt attached to the chest. The workload is increased every few minutes until 
exhaustion or until other symptoms dictate that we terminate the test. You may stop the test at 
any time because of fatigue or discomfort. The time commitment is about 30 to 60 minutes to 
complete. Preparation for the test wearing exercise clothes and lightweight racing flat shoes 
that allow for free movement during vigorous exercise. You should be rested, well nourished, 
and hydrated for the test and avoid alcohol, caffeine, tobacco, and consuming food 3 hours 
before the test. Blood pressure will be taken during the VO2max test through use of an arm 
cuff and stethoscope put on the arm. You will be asked to rate you perceived exertion during 
the test. Then VO2max test, which measures the athlete’s maximal ability to transport and use 
oxygen for energy production. This test will be performed on the treadmill machine. The 
purpose of the VO2max test is to determine your maximum exercise capacity. You are required 
to wear a mouthpiece and headwear to collect expired ventilation. Heart rate will be monitored 
with transmitter belt attached to the chest. The workload is increased every few minutes until 
exhaustion or until other symptoms dictate that we terminate the test. You may stop the test at 
any time because of fatigue or discomfort. The time commitment is about 30 to 60 minutes to 
complete. Preparation for the test wearing exercise clothes and lightweight racing flats shoes 
that allow for free movement during vigorous exercise. You should be rested, well nourished, 
and hydrated for the test and avoid alcohol, caffeine, tobacco, and consuming food 3 hours 
before the test. Blood pressure will be taken during the VO2max test through use of an arm 
cuff and stethoscope put on the arm. You will be asked to rate you perceived exertion during 
the test. The proposed research will be undertaken measuring the following: Anthropometrical 
characteristics (age, height, weight, body fat (%), lean body mass, and skinfold measurements 
will be taken). This is to measure the size and proportion of your body. Then V 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide 
to participate, you are free to withdraw your consent at any time without giving a reason and 




IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR 
PAYMENT DUE TO ME: You will not be paid to participate in this study and you will not 
bear any expenses. You will not be paid to participate in this study, and you will not bear any 
expenses.  
RISKS INVOLVED IN PARTICIPATION: During VO2max test you may experience fatigue 
after running on the treadmill, irregular, fast, or slow heart rhythm and rare instances. Every 
effort will be made to minimize these risks by careful observations during testing. Emergency 
equipment and trained personnel will be available to deal with unusual situations that may 
arise. d personnel will be available to deal with unusual situations that may arise. During 
VO2max test you may experience fatigue after running on the treadmill, irregular, fast, or slow 
heart rhythm and rare instances. Every effort will be made to minimize these risks by careful 
observations during testing. Emergency equipment and trained 
BENEFITS INVOLVED IN PARTICIPATION: As a result of your participation in this study 
you will expect to gain physical fitness benefits as well as to contribute to the improvement of 
clinical information to coaches and athletes searching for ways to maximise the precise 
determination of training intensities. ng intensities. As a result of your participation in this 
study you will expect to gain physical fitness benefits as well as to contribute to the 
improvement of clinical information to coaches and athletes searching for ways to maximise 
the precise determination of training. 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names 
on the questionnaire/data sheet will be removed once analysis starts. All data and back-ups 
thereof will be kept in password protected folders and/or locked away as applicable. Only I or 
my research supervisor will be authorised to use and/or disclose your anonymised information 
in connection with this research study.  
Any other person wishing to work with you anonymised information as part of the research 
process (e.g., an independent data coder) will be required to sign a confidentiality agreement 




WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes. Anonymous means 
that your personal details will not be recorded anywhere by me. As a result, it will not be 
possible for me or anyone else to identify your responses once these have been submitted. 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will 
be written into a research report that will be assessed. In some cases, results may also be 
published in a scientific journal. In either case, you will not be identifiable in any documents, 
reports, or publications. You will be given access to the study results if you would like to see 
them, by contacting me.  
WHO IS ORGANISING AND FUNDING THE STUDY? The study is being organised by me, 
under the guidance of my research supervisor at the Department of Sport and Movement 
Studies Sport at the University of Johannesburg. This study has not received any funding. This 
study has not received any funding. 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study could start, it 
was reviewed to protect your interests. 
This review was done first by the Department of Sport and Movement Studies, and then 
secondly by the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study was approved. 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should contact me 
at any time if you feel you have any concerns about being a part of this study. 
My contact details are:  
Dumisane Hlaselo 
Cell: 073 8405916 
Email: dhlaselo@yahoo.com/dumisaneh@uj.ac.za 
You may also contact my research supervisors: 




Mr Rian Lombard 
Email: rianl@uj.ac.za 
If you feel that any questions or complaints regarding your participation in this study have not 
been dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences 
Research Ethics Committee at the University of Johannesburg: 
Prof Marie Poggenpoel 
Tel: 011 559 6686 
Email: mariep@uj.ac.za  
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, concerns or 
complaints about this research study, its procedures, risks, and benefits, you should 









DEPARTMENT OF SPORT AND MOVEMENT STUDIES 
RESEARCH CONSENT FORM 
A SECULAR COMPARATIVE STUDY OF PHYSIOLOGICAL AND MORPHOLOGICAL 
CHARACTERISTICS OF SENIOR MALE CROSS-COUNTRY RUNNERS OF GAUTENG 
PROVINCE A SECULAR COMPARATIVE STUDY OF PHYSIOLOGICAL AND 
MORPHOLOGICAL CHARACTERISTICS OF SENIOR MALE CROSS-COUNTRY 
RUNNERS OF GAUTENG PROVINCE  
Please initial each box below: 
 
 I confirm that I have read and understand the information letter dated       for the above study. 
I have had the opportunity to consider the information, ask questions and have had these 
answered satisfactorily. 
 
 I understand that my participation is voluntary and that I am free to withdraw from this study 
at any time without giving any reason and without any consequences to me. 
 
   I agree to take part in the above study. 
_______________________    ___________________________________ _________ 
Name of Participant     Signature of Participant    Date 
_______________________   ___________________________________ _________ 






Appendix B: Demographic questionnaire sheet 
 
DEMOGRAPHIC QUESTIONNAIRE SHEET 
Please answer all questions below to qualify as a participant in this research study.  
Participant number: _____________________  Date: ______________________ 
Contact number: _______________________ Email: _____________________ 
Age: ________ years  Weight: ________ kg     Height: _________ (cm)  
Gender: Male 
Events: ___________________________ 













Mixed race 4 




Please answer all questions below to qualify as a participant in this research study. Note!! 
Training programme is any activity that is scheduled into your daily routine, which may 
enhance your performance, fitness, or wellbeing. Examples include running, cycling, bricks 
walking, etc. Please relate your answers to your training over the last 5 weeks. 
Mark with a cross in the applicable block. 
A2. How many days a week do you train? ___ Days 
A3. For how many years have you been competing? __ (if you have been competing for less 
than 1-year write ‘0’.  
A4. In general, how many minutes per session do you train each day? ___ Minutes 
A5. If you add together each session of your training that you engage in during a normal week, 
how many hours would you estimate that you spend training in total? ___ Hours 
A6. On average, what is the intensity of your training session? 
Very light Light Moderate Hard Very hard 
     
A7. Do you vary the intensity of your training? Yes, or No  
A8. How many months do you race a year? ___ Months 
A9. Do you cross-train? Yes, or No 
A10. Do you perform weight training? Yes, or No 
SECTION B 
In this section, our interest is in the types of your running programme you are engaging in 
during your season. Please note that a running training programme includes forms of activity 
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that are scheduled into your training time with the intention to enhance your performance, 
fitness, or wellbeing. For example, doing long, slow distance, hill run, tempo, intervals and 
fartlek training may constitute forms of running workout. Bearing this in mind, please list 
according to the last 5 weeks of training. 
B1. How many minutes do you spend warming up prior to running? ____ Minutes (If you do 
not warm up please enter ‘0’) 
B2. How many minutes are your long runs? ____ Minutes 
B3. What is the intensity of your tempo run? 
Very light Light Moderate Hard Very hard 
     
 
B4. In general, what is the duration of each tempo run? ____ Minutes 
B5. At what pace do you run your intervals? 
Very slow Slow Moderate Fast Very fast 
     
 
B6. At what pace do you run your fartlek’s? 
Very slow Slow Moderate Fast Very fast 
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B7. Do you do hill run?  
Yes No 
 
B8. If you have answered yes to Question B7, what type of hill workouts do you do? 
Long hill repeats Short hill repeats Hill bounding Downhill strides 





Appendix C: Physical activity readiness questionnaire 
 
 PHYSICAL ACTIVITY READINESS QUESTIONNAIRE 
 Question Yes No 
1 Do you have any injuries? If yes, specify: 
 
  
2 Do you frequently have back pains?    
3 Do you often feel faint or have spells of severe dizziness?   
4 Has a doctor ever told you that your blood pressure was too high?   
5 Do you smoke? If yes, specify the amount per day:   
6 Are you suffering from fatigue?   
7 Are you currently taking any medications? If yes, specify: 
 
  
8 Do you suffer from any problems of the lower back, i.e., chronic pain or 
numbness? 
  
9 Has your doctor ever told you that you have a bone or joint problem(s) that 
can be aggravated by exercise? Specify: 
 
  






Adapted from (Basset et al., 2000) 
I declare that the above information is correct. 
____________________      _____________________ 




Appendix D: Test data sheet 
 
TEST DATA SHEET 
 Test  
Time: ____________________   Date: ____________________ 
   
MEASUREMENTS AT REST   
Resting blood pressure   
   
Heart rate (beat/min)   
   
Physiological Parameters   
Volume   
VO2 max  mlO2·kg-1 min-1 
Ventilatory Threshold (VT1)   
Ventilatory Threshold (VT2)   
Running Economy (RE)   





Appendix E: Anthropometry data sheet 
 
ANTHROPOMETRY DATA SHEET 
 
Date of Measurement 
   
   
 
Skinfold measurements 
     
 
1 Biceps     mm 
2 Triceps            mm 
3 Subscapular  
   
  mm 
4 Suprailiac  
    
  mm 
5 Abdominal  
    
  mm 
6 Front Thigh  
   
  mm 
7 Medial Calf          mm 
8 Fat percentage     % 
 
 GIRTHS            
9 Elbow epicondyle    cm 
10 Calf girth (maximum)    cm 
11 Femur breadth (biepicondylar) 
  
  cm 
12 Humerus breadth (biepicondylar)       cm 
13 Lean body mass    kg 
14 Somatotype     
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Appendix F: Medical screening questionnaire 
 
MEDICAL SCREENING QUESTIONNAIRE 
SUBJECT INFORMATION 
Date  Age 
Name  Activities 
Surname  Specify 
Contact No.  Amount of training 
Gender   
Date of Birth   
MEDICAL SCREENING 
CONDITIONS Patient history Family History Specify Medication 
Cardiac     
Pulmonary     
Neuro     
Stroke     
HBP     
Dyslipidaemia     
Diabetes     
Smoker     
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Inactive     
Obesity     
Osteoporosis     
Arthritis     
Psych     
Other     
ORTHOPEADIC INJURY 
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